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Schafer & Associates Waste Managemen(

P.O. Sox 6 / 8 6 Land Reclamation
Bozeman, MJ 59775 Resource Inventory
(406) 587-3478 Agricultural Consulting

May 6, 1991

Mr. Pat Plantenberg
Department of State Lands
Hardrock Mining Bureau
1625 Eleventh Avenue
Helena, Montana 59620

Dear Pat:

Enclosed are two copies of Water Quality Data Report No. 2 summarizing the results
of the second round of water sampling at the W.R. Grace vermiculite mine near Libby.
Data for this report was collected March 25, 1992. Please forward one copy to Tom Reid
at the Water Quality Bureau.

There is little of interest in the water chemistry data. Most sample points showed
analyses which were slightly lower than those in November. We attribute this to dilution
with surface runoff. The asbestiform fiber analyses were somewhat different in that both
Lower Carney Creek and the tailings pond had considerably higher fiber counts than in
November. Lower Rainy Creek continues to show high asbestos fiber counts.

We did not sample pore water installations this time since our earlier sampling
produced the information we were looking for regarding the source of water in the toe
drains. Nor did we sample Upper Rainy Creek at SW-1 because the Rainy Creek diversion
was not being used. Instead, we sampled the entire Rainy Creek flow at SW-11 just
upstream of the tailings impoundment.

Let me know if you have any questions or comments regarding the data. I'm looking
forward to our meeting on tailings impoundment flood routing May 19th.

Tom Hudson
Project Manager
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1.0 BACKGROUND

The W.R. Grace vermiculite mine near Libby, Montana was closed in the fall of 1990.
As part of the reclamation and closure, particularly as it applies to areas around the tailings
impoundment, W.R. Grace submitted to the Water Quality Bureau a proposed Water
Quality Monitoring Plan in September, 1991 (Schafer and Associates, 1991). The purpose
of the Plan was to establish post-closure water quality data as a means of monitoring the
performance of facility reclamation measures.

The plan calls for water sampling at several locations in the Rainy Creek drainage
as shown on Figure 1.1. Contingent sampling on the Kootenai was proposed if initial data
on Rainy Creek indicated any potential health concerns. Four sampling campaigns were
proposed for the first year to assess seasonal variations in water quality. Additional annual
sampling campaigns for a minimum of three years following closure were also proposed.
The first sampling event took place in mid-November, 1991. This report presents the data
from the second sampling event performed on March 25, 1991.
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2.0 METHODS

Conditions at the time of sampling were sunny and very mild with a high during the
day of nearly 70° F. There was still some snow at the higher elevations but it was apparent
that there would be no significant spring runoff this year. The Rainy Creek diversion was
not in use; all of Rainy Creek flowed in the natural drainage into the tailings pond. The
impoundment was free of ice unlike our November sampling. The decant tower was still not
overflowing nor had it done so all winter long in spite of the fact that the impoundment was
receiving the entire flow from both Rainy Creek and Fleetwood Creek.

Sampling methods were outlined in the Water Quality Monitoring Plan (Schafer and
Associates, 1991) submitted in September, 1991 and modified slightly in the field as
described in Water Quality Data Report No. 1 (Schafer and Associates, 1992). Site SW-1,
Upper Rainy Creek above the diversion dam, was not sampled this time. In November,
Upper Rainy Creek was being fully diverted around the tailings impoundment, however flow
was reestablished in the natural channel before the tailings impoundment and this
necessitated an additional unplanned sample at SW-11. In March the diversion was not
being used and all flow was down the natural stream channel. W.R. Grace does this in the
coldest part of winter because of operational problems that are sometimes created by cold
weather. For this report we collected a single sample at SW-11 which is the total flow for
Upper Rainy Creek.

The preservation techniques and analytical methods used are summarized in Table
2.1. All samples were stored and shipped on ice. Two samples in glass containers (for TPH
analysis only) were broken in transit. Metals were analyzed as the "total recoverable" form
according to procedures outlined in Standard Methods for Examination of Water and
Wastewater (APHA, 1985).
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Table 2.1. Summary of sampling and analytical methods for water samples.

:..:.;'- Xv A.:.:U.np ireseryed ':SamplesH: '̂,: '̂̂  '

: Component

IDS

TSS

Asbest. Fibers

Hardness

Alkalinity

NO3-

S04'
2

Cl

F

Ca

Mg

,Na

K

C03-
2/HC03-

;.•.;:; -Analytical;; ';
M^^Methpa1;;̂ ;;̂

EPA 160.1

EPA 160.2

EPA-600/4-83-043

EPA 130.2

EPA 31 0.1

EPA 353.2

EPA 375.3

EPA 325.3

EPA 340.2

EPA 215.1/200.7

EPA 242.1/200.7

EPA 273.1/200.7

EPA 258.1/200.7

EPA 31 0.1

^:-;" ••;'• : •.;;'';:; •;•:'' ;Preserved •Sampjes/ Y --P :y . •: , •"' '

Component

TPH

Cu

Zn

Cd

Pb

Hg

Fe

As

Ni

Cr

•Preservation/ :

"-. Container2: :••

H2SO4/Glass

HN03/PE

HNCyPE

HNCyPE

HNO3/PE

HNCyPE

HN03/PE

HNO3/PE

HNO3/PE

HN03/PE

Analytical
^••^Method1;:1:".---

EPA 41 8.1

EPA 220.1/200.7

EPA 289.1/200.7

EPA 213.1/200.7

EPA 239.2/200.7

EPA 245.2

EPA 236.1/200.7

EPA 206.3

EPA 249.1/200.7

EPA 21 8. 1/200.7

:' ..' . :
:.; •.• :

:. Field Paramptiers •;••'•••;;' ; :- . : ;;:;:v :-/..^-:

; .Param.: ;
;•>:'• :.; .•': '•.'. :'

Flow

pH

EC

DO

Temp.

:.;V C- v :-;i ' ;':.: 'Method- ̂ $ ^ vV'::'.:'

Pygmy current meter/ Baski

Field pH meter

Field EC meter

Field D.O. meter

Field meter

10
I
ro

EPA procedures are described in 40 CFR Part 136, Table B. Procedures for asbestiform fibers are described in 'Analytical Procedures
for Determination of Asbestos Fibers in Water" (EPA-600/4-83-043).
Samples were acidified to a value less than 2.0. The TPH sample was collected in a 1 L glass bottle; metals were collected in 500 ml
polyethylene (PE) bottles.



3.0 PRESENTATION OF DATA

Results of the March 25, 1992 sampling event are summarized in tabular form as
follows:

• Table 3.1 is a summary of field parameters including pH, electric conductivity (EC),
temperature and flow. Our dissolved oxygen meter was not available at the time of
this sampling trip, hence this data was not obtained.

• Table 3.2 is a summary of metal analyses including selected heavy metals and major
cations.

• Table 3.3 is a summary of miscellaneous analyses for various anions, petroleum
hydrocarbons, hardness, etc.

• Table 3.4 is a summary of asbestiform fiber analyses.

Raw analytical data from Energy Laboratories and EMS Laboratories used to
prepare Tables 3.2, 3.3 and 3.4, are included in Appendix A and B, respectively.
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Table 3.1. Field data summary.

.s^SITE^lDll-
i^:%KfM%%i&::<
•\mm:\v-iVm:W

SW-1

SW-2

SW-3

SW-4

SW-5

SW-6

SW-7

SW-8

SW-9

SW-10

SW-116

PW-1

PW-2

Upper Rainy Creek above diversion dam

Fleetwood Creek above coarse tails

Upper Carney Creek at Zook's Dump

Lower Carney Creek above Rainy Creek

Tailings dam toe drains

Tailings pond outfall (surface water sample, only)

Lower Rainy Creek leaving mine property

Lower Rainy Creek above Kootenai River

Kootenai River above Rainy Creek

Kootenai River below Rainy Creek

Rainy Creek flow into tailings pond

Tailings Pond pore water

Groundwater near SW-1 1

liiHlII
lff(sM)Ii

|lil|Eel|ifi
;::|(rniirtKq^ciiiftJ:H

•»TEliipl i
illclil

f'FLQWi
:tWli

Il-Klll:

fitepifil

Not Sampled

8.50

8.06

8.61

7.26

8.66

7.87

7.98

0.45

0.70

0.58

0.68

0.36

0.58

0.57

6.8

10.8

4.6

9.8

8.9

6.5

5.3

0.341

<.012

0.51 2

1.261

0.00

2.59'

2.921

Not Sampled4

Not Sampled4

8.18 0.32 4.6 1.461

Not Sampled

Not Sampled

w
I
10

Flow measurement was made with a Pygmy current meter.
Flow measurement was made with a Bask! cutthroat flume.
The dissolved oxygen meter was not available.
Samples of the Kootenai River were not taken as discussed in the Water Quality Monitoring Plan.
The Water Quality Monitoring Plan did not include this site. Rainy Creek reestablishes itself between the diversion dam and the tailings
impoundment.



Table 3.2. Laboratory data summary for metals.

SITE
I'-'-'-Nb.'.^;

SW-1

SW-2

SW-3

SW-4

SW-5

SW-0

SW-6

SW-7

SW-8

,SW-9

SW-10

SW-11

PW-1

PW-2

?'•;;;:; DESCRlPTiON;-^,;

Upper Rainy Creek
above diversion dam

Fieetwood Creek
above coarse tails

Upper Carney Creek
at Zook's Dump

Lower Carney Creek
above Rainy Creek

Tailings dam toe
drains

Blind Control
(Replicate of SW-5)

Tailings pond surface
water

Lower Rainy Creek
leaving mine property

Lower Rainy Creek
above Kootenai River

Kootenai River above
Rainy Creek

Kootenai River below
Rainy Creek

Rainy Creek flow into
tailings pond

Pore water from
tailings

Groundwater near
SW-11

'••;';As;i-:;
:.

••.y. (mg/!): j
;::,Ccj.;:',-
: .{mg/l) :..

••I"?'* '-
;. (mg/lj

:.^cu ' = . < ;
, (mg/l).: :

:-:;f?".-
• :(mg/0 .

Pb
' (mg/i).

Hg
(mg/l):: •

""•'.N^V
;^(mg/l)

•••••zn\ •;
•(mg/l)

- :-K:';.:.'
(mg/i) .

•• : . Na;:':::
(mg/l) • •

::::Ca ..
:::<mg/l);

:-;-Mg^:
.(mg/l):.:'

Not Sampled

< 0.005

< 0.005

< 0.005

0.005

0.005

< 0.005

< 0.005

< 0.005

c 0.001

< 0.001

cO.001

c 0.001

< 0.001

< 0.001

c 0.001

c 0.001

<0.02

<0.02

<0.02

<0.02

<0.02

<0.02

<0.02

<0.02

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

<0.01

0.03

0.53

0.11

0.06

0.06

0.19

0.15

0.11

<0.01

<0.01

<0.01

cO.01

cO.01

tO.01

<0.01

<0.01

<0.001

< 0.001

< 0.001

<0.001

<0.001

<0.001

< 0.001

< 0.001

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.03

<0.01

<0.01

<0.01

<0.01

<0.01

0.01

0.02

<0.01

8

9

12

12

12

6

10

10

5

8

9

7

7

4

7

6

79

106

85

93

93

51

87

87

15

26

26

25

25

13

22

21

Not Sampled

Not Sampled

< 0.005 <0.001 <0.02 <0.01 0.24 <0.01 < 0.001 <0.03 0.01 4 3 64 11

Not Sampled

Not Sampled

o
I

c*>



Table 3.3. Laboratory data summary for miscellaneous constituents.

SITE
-"-.'Ntfi7?:'

SW-1

SW-2

SW-3

SW-4

SW-5

SW-0

SW-6

SW-7

SW-8

SW-9

'SW-10

SW-11

PW-1

PW-2

:;:2:'''pESdR!PlibHV;:̂

Upper Rainy Creek
above diversion dam

Fleetwood Creek
above coarse tails

Upper Carney Creek
at Zook's Dump

Lower Carney Creek
above Rainy Creek

Tailings dam toe
drains

Blind Control
(Replicate of SW-5)

Tailings pond surface
water.

Lower Rainy Creek
leaving mine property

Lower Rainy Creek
above Kootenai River

Kootenai River above
Rainy Creek

Kootenai River below
Rainy Creek

Rainy Creek flow into
tailings pond

Pore water from
tailings

Groundwater near
SW-11

•'••;s64^;
;:(mg/l) ::

<S'&A
::..(mgfft.:.

:':.CQ^:
 :
;

:. (mg/ij:;
Hco3

1

::.;V(mg/l).;.-:.
TDS :

'•: (mg/l) ^
'-11SS'.':
'. (mgyij :

Hardness
:•,:•':;' (mg/IP-. :':'•;•

'Alkalinity
. ( :.i[mg/i). ::,.

•• :**(>£•::
::::.

:(rng/l)..;,

:• ::- • !'

. (m.9W:

TPH
:.inig:/i)::

Not Sampled

18

11

21

12

12

9

11

11

4

2

3

7

7

3

7

7

0

0

0

0

0

0

0

0

293

452

370

397

392

206

350

345

291

431

349

383

375

191

329

293

1

6

4

3

<1

12

6

5

258

371

316

335

334

182

308

303

240

370

303

325

321

169

287

282

<0.05

0.06

0.23

0.06

0.07

<0.05

<.05

<0.05

0.26

0.21

0.20

3.0

3.2

0.29

1.7

1.5

<0.1

<0.1

<0.1

No
Data1

<0.1

<0.1

<0.1

<0.1

Not Sampled

Not Sampled

5 <1 0 236 196 36 205 193 <0.05 0.13 No
Data1

Not Sampled

Not Sampled

u

1 Sample bottles broke during shipment.



Table 3.4. Laboratory data summary for asbestiform fibers.

:TsiflEV-
:;.:?N°r::-.:v

SW-1

SW-2

SW-3

SW-4

SW-5

SW-0

SW-6

SW-7

SW-8

SW-9

SW-10

SW-11

:;;;;;.::.
::;:jpEsbRipTiQN:;- -:

Upper Rainy Creek
above diversion dam

Fleetwood Creek
above coarse tails

Upper Carney Creek
at Zook's Dump

Lower Carney Creek
above Rainy Creek

Tailings dam toe
drains

Blind Control
(Replicate of SW-5)

Tailings pond surface
water

Lower Rainy Creek
leaving mine property

Lower Rainy Creek
above Kootenai River

Kootenai River above
Rainy Creek

Kootenai River below
Rainy Creek

Rainy Creek flow into
tailings pond

iDETECTlbN
LJMif ;

: <MFL)*:;V

•FIBERS
'!•"•. ::<5pirn:.'.
•:(MFL)*:

^ V FIBERS :-:Y

>5//m
:"-:;:-(MFL)*V.,.

FIBERS
VlO//ril
(MFL)*

FIBER
; MASS:

0/g/l);

Not Sampled

0.8

0.3

1

1.6

0.2

8.2

1

0.8

8.9

20.7

65

<1.6

<0.2

500

66

51

3.1

5.3

55

<1.6

<0.2

270

34

30

2.3

1.6

19

<1.6

<0.2

120

9.2

9

47

50

950

BDL*

BDL*

1800

180

270

Not Sampled

Not Sampled

2 1.9 2 2 1.6

* MFL = Million fibers per liter; BDL = Below detection limit
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4.0 DATA ANALYSIS

The significant findings of this sampling event are as follows:

• Streamflow was about 50 percent higher than in November. This appears to have
resulted in a dilution of dissolved solids in most samples. Predictably, the tailings
impoundment toe drain water chemistry is virtually unchanged because it receives
little or no direct surface runoff. The stability of this sample location is also reflected
in the volumetric flow which was about the same as in November. The tailings pond
surface water showed substantially higher dissolved solids than in November when ice
was on the pond surface. This observation reinforces our theory that successive
freeze/thaw cycles may purify the water at the surface of the pond.

• The elevated zinc concentrations encountered on the earlier sampling event appear
to be much lower on this round of sampling but the samples showing detectable
levels are generally at the same locations as in November.

• Higher asbestiform fiber counts were measured at SW-4 (Lower Carney Creek) and
SW-6 (tailings pond surface .water). The Carney Creek fiber count can probably be
attributed to higher runoff. The high impoundment fiber counts may be due to the
absence of an ice layer on the pond. It was breezy the day of sampling and the wind
may have caused suspension of particles near the shore. SW-11 (Rainy Creek above
the tailings pond) also had a slight showing of asbestiform fibers whereas in
November there was none detected. We attribute this to the overall heavy suspended
solids load in this particular sample. The sample was taken in mid- to late-afternoon
when the temperature was highest and runoff appeared to be high as well. The
sediment loading in Upper Rainy Creek was clearly visible at the time of sampling.
Extensive clear-cutting in the Upper Rainy Creek drainage may be a contributing
factor.

• We have assembled a mass flow schematic diagram for the sampling area in Figure
4.1 as we did in the prior data report. Lower Rainy Creek again appears to be a
major source of asbestiform fibers but Carney Creek is a significant factor in the
overall fiber loading, accounting for 61 percent of the total load discharged at the
mouth of Rainy Creek. This is a result substantially different than seen in November.
The Lower Carney Creek sample has a higher average fiber mass than other samples.
This suggests a possible transport mechanism to explain variations in data observed
to date. During periods of high flow, relatively coarse material may wash out of the
Carney Creek drainage and settle out in the Rainy Creek drainage. It is probable

4 - 1



FLOW (ds)
TDS (ko/davl
Fe (ka/dav)

SW-1 (Not Sampled)

As (kfl/dav)
Zn (kg/dav)
SO4 (kg/day)
F'(ka/dav)
Fibers (a/day)

UPPER
RAINY
CREEK

RAINY CREEK
DIVERSION

FLOW (da)
TDS (ka/dav)

SW-8

Fe (ka/dav)
Aa (ha/dav)
Zn (ka/dav)
SO. (ka/dav)
F'(ko/davl
Fibers (g/dav)

SW-11
FLOW (cfrt
TDS (ka/dav)
Fa (ka/day)
As (ka/dav)
Zn (ka/dav)
SO 4 (ka/day)
F' (ka/dav)
Fibers (o/dav)

1.46
700

0.88
<.02

<0.04
18

0.46
5.7

FLEETWOOD CREEK

SW-2
FLOW (ofs)
TDS (ka/dav)
Fe (ka/dav)
As (ka/dav)
Zn (ka/dav)
SO 4 (ka/dav)
F- (ka/day)
Fibers (o/dav)

0.34
242
0.02

<.004
O.OOS

15
0.22

39

DRAIN FLOW
SW-B

FLOW (cfa)
TDS (ka/day)
Fe (ka/day)
As (ka/dav)
Zn (ka/dav)
SO, (ka/dav)
F- (ka/day)
Fibers (o/dav)

1.26
1180
0.16
.013

<0.03
37

9.24
<4.9

RECLAIM
WATER

CARNEY CREEK

SW-7
FLOW (cfs)
TDS (ka/dav)
F* (ka/dav)
Ai (ka/day)
Zn (ka/dav)
SO. (kg/dav)
F 'too/day)
=lbers (g/dav)

2.59
2083
0.93

<0.03
<0.06

70
10.76
1140

/

X.\\
1

LOWER
RAINY
CREEK

<

A /
/

/
j{

^
I

/
/
/r

SW-4
FLOW (ds)
TDS (ka/dav)
Fe (ka/dav)
At (ka/day)
Zn (ka/day)
SO, (ka/dav)
F- (kg/day)
Fiben (a/day)

SW-B
FLOW (ds)
TDS (kg/day)
Fe (ka/dav)
Aa (ka/day)
Zn (ka/dav)
304 (kg/dav)
F- (ka/day)
Fibers (g/dav)

0.51
435
0.14

<0.006
<0.01

26
0.25
11 as

2.92
2002
0.78

<0.04
<0.07

79
10.71
1927

sw-a
FLOW (ds)
TDS (ka/dav)
Fa (ka/dav)
As (ka/dav)
Zn (ka/dav)
SO 4 (ka/dav)
F' (ka/dav)
Fibers (a/davl

<0.01
11

0.013
<.0001
1.00023

0.27
0.005

1.2

KOOTENAI RIVER

Figure 4.1 Schematic flow diagram of the Rainy Creek drainage with mass flow
measurements for selected components.
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that our sampling does not measure a significant portion of material transport in
which material shifts in the stream bed without ever becoming fully entrained. These
larger particles may be attrited into smaller more readily transportable particles which
are carried out at a more uniform rate. Interestingly, on this round of sampling at
least, the tailings impoundment was actually working to reduce asbestiform fibers in
stream flows entering it. Both Upper Rainy Creek and Fleetwood Creek had
detectable levels of asbestiform fibers but the toe drains, which were the only points
of discharge from the pond, did not.

• Table 4.1 compares measured water quality values to existing standards. Once again,
fluoride and asbestiform fibers appear to be the primary areas of concern. One
sample (SW-3, Upper Carney Creek at Zook's dump) was slightly above the drinking
water standard for Fe. Lower Carney Creek is within that standard, however.

Table 4.1 A comparison of measured water quality data with drinking water standards.

^Gonstiiuenl !;;|

Wi^i^:jim;A^,

As

Cd

Cr

Cu

Fe

Pb

Hg
Ni

Zn

Asbestos (MFL)

so;2

cr

NO3-

F

pH (su)

IDS

' ™ 'l$Mm±M(m
< 0.005 to 0.005

<.001

<.02

<.01

0.03 to 0.53

<.01

<.001

<.03

<0.01 to 0.02

< 0.2 to 120

3 to 21

<1 to 7

< 0.05 to 0.23

0.13 to 3.0

7.26 to 8.66

191 to 431

ĵbdnklriigiWate :̂-;

g/l except as note

0.05

0.0051

0.1 '

0.05

0.005

5.0

7.01'2

10.0

;

Drinking Water

d);: s l̂̂ viT;:;'̂ :.;:.'̂ ^

1.0

0.3

250.

250.

2.0

6.5 to 8.5

500.

Location of Sample ;/
; :! : i: vy Hh : jyl axirh u m \ *••% : J:

• ;•%• -';,'̂  ;v" ' :-:i:?::-;-:; i'l-i i ; J'i :;'': ; :;i-:: ; '•• ' i •

SW-5

All

All

All

SW-3

All

All

All

SW-7

SW-6

SW-4

SW-5, -7 and -8

SW-4

SW-5

SW-S(min); SW-6(max)

SW-3
1 These standards are added or revised effective July 1992.
2 Fiber counts are based on fibers greater than 10 microns in length with an aspect ratio greater

than 3:1.
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APPENDIX A

ENERGY LABORATORIES DATA REPORTS



LABORATORIES

RECEIVED APR 1 5 199?

TO:
ADDRESS:

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY . BILLINGS. MT 59107-0916 • PHONE (406) 252-6325

FAX (406) 252-6069 • 1-800-735-4489
LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.:
DATE:

92-11554
04/13/92 rh

WATER ANALYSIS

W.R. Grace Mine
SWO

Sampled 03/25/92 @ 1455
Submitted 03/27/92

Constituent mq/l(ppm)

Potassium 12
Sodium 7
Calcium 93
Magnesium 25
Sulfate 12
Chloride 7
Carbonate 0
Bicarbonate 392
Total Dissolved Solids @ 180° C 375
Total Suspended Solids < 1
Total Hardness as CaC03 334
Total Alkalinity as CaC03 321
Nitrate plus Nitrite as N 0.07
Fluoride 3.2
Total Acidity as CaC03. 0
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals

Arsenic 0.005
Cadmium <0.001
Chromium <0.02
Copper <0.01
Iron 0.06
Lead <0.01
Mercury < 0.001
Nickel <0.03
Zinc > <0.01

* Analysis done by EPA Method 418.1.

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



LABORATORIES

TO:
ADDRESS:

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY . BILLINGS. MT 59107-0916 • PHONE (406) 252-6325

FAX (406) 252-6069 • 1-800-735-4489
LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.: 92-11555
DATE: 04/13/92 rh

WATER ANALYSIS

W.R. Grace Mine
SW2

Sampled 03/25/92 @ 1435
Submitted 03/27/92

Constituent mq/Kppmi

Potassium 8
Sodium 5
Calcium 79
Magnesium 15
Sulfate 18
Chloride 4
Carbonate 0
Bicarbonate 293
Total Dissolved Solids @ 180° C 291
Total Suspended Solids 1
Total Hardness as CaC03 258
Total Alkalinity as CaC03 240
Nitrate plus Nitrite as N <0.05
Fluoride 0.26
Total Acidity as CaC03 0
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals

Arsenic < 0.005
Cadmium <0.001
Chromium <0.02
Copper <0.01
Iron 0.03
Lead <0.01
Mercury < 0.001
Nickel <0.03
Zinc i <0.01

Analysis done by EPA Method 418.1.

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



ENERGY LABORATORIES, INC.

LABORATORIES

TO:
ADDRESS:

P.O. BOX 30916 • 1107 SOUTH BROADWAY . BILLINGS. MT 59107-0916 • PHONE (406) 252-6325
FAX (406) 252-6069 • 1-800-735-4489

LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.:
DATE:

92-11556
04/13/92 rh

WATER ANALYSIS

W.R. Grace Mine
SW3

Sampled 03/25/92 @ 1315
Submitted 03/27/92

Constituent ma/Kppm)

Potassium 9
Sodium 8
Calcium 106
Magnesium 26
Sulfate 11
Chloride 2
Carbonate 0
Bicarbonate 452
Total Dissolved Solids @ 180° C 431
Total Suspended Solids. 6
Total Hardness as CaC03 371
Total Alkalinity as CaC03 370
Nitrate plus Nitrite as N 0.06
Fluoride 0.21
Total Acidity as CaC03 0
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals

Arsenic < 0.005
Cadmium < 0.001
Chromium <0.02
Copper <0.01
Iron 0.53
Lead <0.01
Mercury <0.001
Nickel < 0.03
Zinc : <0.01

* Analysis done by EPA Method 418.1.

«MAIVTI (~al



LABORATORIES

TO:
ADDRESS:

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY . BILLINGS. MT 59107-0916 • PHONE (406) 252-6325

FAX (406) 252-6069 « 1-800-735-4489
LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.:
DATE:

92-11557
04/13/92 rh

WATER ANALYSIS

W.R. Grace Mine
SW4

Sampled 03/25/92 @ 0945
Submitted 03/27/92

Constituent mg/Kppm)

Potassium 12
Sodium 9
Calcium 85
Magnesium 26
Sulfate 21
Chloride 3
Carbonate 0
Bicarbonate 370
Total Dissolved Solids @ 180° C 349
Total Suspended Solids 4
Total Hardness as CaC03 316
Total Alkalinity as CaC03 303
Nitrate plus Nitrite as N 0.23
Fluoride 0.20
Total Acidity as CaC03 0
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals

Arsenic < 0.005
Cadmium < 0.001
Chromium <0.02
Copper <0.01
Iron 0.11
Lead <0.01
Mercury <0.001
Nickel <0.03
Zinc .' <0.01

Analysis done by EPA Method 418.1.

I CTC PNVinnNMFNTAL ANALYTICAL SERVICE



/ LABORATORIES /

TO:
ADDRESS:

/ ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY . BILLINGS. MT 59107-0916 • PHONE (406) 252-6325

FAX (406) 252-6069 • 1-800-735-4489
LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.:
DATE:

92-11558
04/13/92 rh

WATER ANALYSIS

W.R. Grace Mine
SW5

Sampled 03/25/92 @ 1100
Submitted 03/27/92

Constituent md/Kpom)

Potassium 12
Sodium 7
Calcium 93
Magnesium 25
Sulfate 12
Chloride 7
Carbonate 0
Bicarbonate 397
Total Dissolved Solids @ 180° C 383
Total Suspended Solids 3
Total Hardness as CaCOj 335
Total Alkalinity as CaC03 325
Nitrate plus Nitrite as N 0.06
Fluoride 3.0
Total Acidity as CaC03 0
Total Petroleum Hydrocarbons *

Total Recoverable Metals

Arsenic 0.005
Cadmium < 0.001
Chromium <0.02
Copper <0.01
Iron 0.06
Lead <0.01
Mercury <0.001
Nickel <0.03
Zinc .' <0.01

The total petroleum hydrocarbon sample froze and broke during shipping.

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



ENERGY LABORATORIES, INC.

LABORATORIES

TO:
ADDRESS:

P.O. BOX 30916 • 1107 SOUTH BROADWAY . BILLINGS. MT 59107-0916 • PHONE (406) 252-6325
FAX (406) 252-6069 • 1-800-735-4489

LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.:
DATE:

92-11559
04/13/92 rh

WATER ANALYSIS

W.R. Grace Mine
SW6

Sampled 03/25/92 @ 1130
Submitted 03/27/92

Constituent ma/l(ppm)

Potassium 6
Sodium 4
Calcium 51
Magnesium 13
Sulfate 9
Chloride 3
Carbonate 0
Bicarbonate 206
Total Dissolved Solids @ 180° C 191
Total Suspended Solids 12
Total Hardness as CaC03 182
Total Alkalinity as CaC03 169
Nitrate plus Nitrite as N <0.05
Fluoride 0.29
Total Acidity as CaC03 0
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals

Arsenic < 0.005
Cadmium < 0.001
Chromium <0.02
Copper <0.01
Iron 0.19
Lead ." <0.01
Mercury < 0.001
Nickel <0.03
Zinc •• 0.01

* Analysis done by EPA Method 418.1.

i ere CMWinriNMF.NTAI ANALYTICAL SERVICE



MISSY,
LABORATORIES

TO:
ADDRESS:

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY . BILLINGS. MT 59107-0916 « PHONE (406) 252-6325

FAX (406) 252-6069 • 1-800-735-4489
LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.: 92-11560
DATE: 04/13/92 rh

WATER ANALYSIS

W.R. Grace Mine
SW7

Sampled 03/25/92 @ 0900
Submitted 03/27/92

Constituent mo./l(ppm)

Potassium 10
Sodium 7
Calcium 87
Magnesium 22
Sulfate 11
Chloride 7
Carbonate 0
Bicarbonate 350
Total Dissolved Solids @ 180° C 329
Total Suspended Solids 6
Total Hardness as CaC03 308
Total Alkalinity as CaC03 287
Nitrate plus Nitrite as N <0.05
Fluoride 1.7
Total Acidity as CaC03 0
Total Petroleum Hydrocarbons* <0.1

Total Recoverable Metals

Arsenic < 0.005
Cadmium <0.001
Chromium <0.02
Copper <0.01
Iron 0.15
Lead <0.01
Mercury <0.001
Nickel <0.03
Zinc .' 0.02

Analysis done by EPA Method 418.1.

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



r

LABORATORIES

TO:
ADDRESS:

ENERGY LABORATORIES, INC.
PO BOX 30916 * 1107 SOUTH BROADWAY . BILLINGS. MT 59107-0916 • PHONE (406) 252-6325

FAX (406) 252-6069 • 1-800-735-4489
LABORATORY REPORT

Schafer &. Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.: 92-11560 dup
DATE: 04/13/92 rh

QUALITY ASSURANCE - DUPLICATE ANALYSIS

W.R. Grace Mine
SW7

Sampled 03/25/92 @ 0900
Submitted 03/27/92

Constituent ma/Kppm)

Potassium 10
Sodium 6
Calcium 86
Magnesium 22
Sulfate 11
Chloride 7
Carbonate 0
Bicarbonate 351
Total Dissolved Solids @ 180° C 277
Total Suspended Solids 7
Total Hardness as CaC03 305
Total Alkalinity as CaC03 288
Nitrate plus Nitrite as N <0.05
Fluoride 1.8
Total Acidity as CaC03 0
Total Petroleum Hydrocarbons N/A

Total Recoverable Metals

Arsenic < 0.005
Cadmium < 0.001
Chromium <0.02
Copper <0.01
Iron 0.15
Lead <0.01
Mercury <0.001
Nickel <0.03
Zinc ' 0.02

~~..m CTC CMwiQONMFNTAL ANALYTICAL SERVICE



ry
LABORATORIES

TO:
ADDRESS:

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY . BILLINGS. MT 59107-0916 • PHONE (406) 252-6325

FAX (406) 252-6069 • 1-800-735-4489
LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.:
DATE:

92-11561
04/13/92 rh

WATER ANALYSIS

W.R. Grace Mine
SW8

Sampled 03/25/92 @ 0730
Submitted 03/27/92

Constituent iDQ/l(ppm)

Potassium 10
Sodium 6
Calcium 87
Magnesium 21
Sulfate 11
Chloride 7
Carbonate 0
Bicarbonate 345
Total Dissolved Solids @ 180° C 293
Total Suspended Solids 5
Total Hardness as CaCO3 303
Total Alkalinity as CaC03 282
Nitrate plus Nitrite as N <0.05
Fluoride 1.5
Total Acidity as CaC03 ; 0
Total Petroleum Hydrocarbons * <0.1

Total Recoverable Metals

Arsenic < 0.005
Cadmium < 0.001
Chromium <0.02
Copper <0.01
Iron 0.11
Lead <0.01
Mercury < 0.001
Nickel <0.03
Zinc ' <0.01

* Analysis done by EPA Method 418.1.

~...,ioriMMpNTAi ANALYTICAL SERVICE



ENERGY LABORATORIES, INC.
manoBrnaif*: I PO. BOX 30916 • 1107 SOUTH BROADWAY . BILLINGS. MT 59107-0915 • PHONE (406) 252-6325

/ 1/taunMluniCOJ FAX (406) 252-6069 • 1-800-735-4489

LABORATORY REPORT

TO: Schafer & Associates LAB NO.: 92-11561 spi
ADDRESS: P.O. Box 6186 DATE: 04/13/92 rh

Bozeman, MT 59715

QUALITY ASSURANCE - SPIKED ANALYSIS

W.R. Grace Mine
SW8

Sampled 03/25/92 @ 0730
Submitted 03/27/92

Constituent % Recovery

Potassium 100
Sodium 102
Calcium 99
Magnesium 103
Sulfate 100
Chloride 99
Nitrate plus Nitrite as N 106
Fluoride 108

Total Recoverable Metals

Arsenic 104
Cadmium 105
Chromium 96
Copper 105
Iron 103
Lead 100
Mercury 96
Nickel 97
Zinc 96

.ni ere CMUIPI-INMRNTAL ANALYTICAL SERVICE



I LABORATORIES

TO:
ADDRESS:

ENERGY LABORATORIES, INC.
P.O. BOX 30916 • 1107 SOUTH BROADWAY . BILLINGS. MT 59107-0916 • PHONE (406) 252-6325

FAX (406) 252-6069 • 1-800-735-4489
LABORATORY REPORT

Schafer & Associates
P.O. Box 6186
Bozeman, MT 59715

LAB NO.:
DATE:

92-11562
04/13/92 rh

WATER ANALYSIS

W.R. Grace Mine
SW11

Sampled 03/25/92 @ 1535
Submitted 03/27/92

Constituent ma/Kpprn)

Potassium . 4
Sodium 3
Calcium 64
Magnesium 11
Sulfate 5
Chloride < 1
Carbonate 0
Bicarbonate 236
Total Dissolved Solids @ 180° C 196
Total Suspended Solids 36
Total Hardness as CaC03 205
Total Alkalinity as CaC03 193
Nitrate plus Nitrite as N <0.05
Fluoride 0.13
Total Acidity as CaC03 0
Total Petroleum Hydrocarbons *

Total Recoverable Metals

Arsenic . < 0.005
Cadmium < 0.001
Chromium <0.02
Copper <0.01
Iron 0.24
Lead <0.01
Mercury <0.001
Nickel < 0.03
Zinc j 0.01

* The total, petroleum hydrocarbon sample froze and broke during shipping.

rnwPLETE ENVIRONMENTAL ANALYTICAL SERVICE



APPENDIX B

EMS LABORATORIES DATA REPORTS



DATE

CLIENT:

ATTENTION:

REFERENCE:

REPORT NO.:

SUBJECT:

ACCREDITED:

CERTIFIED:

April 15, 1992

Schafer and Associates
P.O. Box 6186
Bozeman, MT 59715

Tom Hudson

Letter dated March 26, 1992.

24142

ANALYSIS OF WATER SAMPLES BY
TRANSMISSION ELECTRON MICROSCOPY

National Institute of Standards and
Technology through NVLAP
(Laboratory No. 1218)

California Dept. of Health Services for
Asbestos by TEM (ELAP E719)

Nine water samples were submitted for TEM analysis of asbestos structures.
The sample was analyzed according to the U.S. EPA method EPA-600/4-83-043.

The samples were identified as surface water from W.R. Grace mine:
SW6-4
SW3-4
SWO-4
SW11-4
SW8-4
SW2-4

• SW5-4
SW7-4

The test reports are enclosed.

Respectfully submitted, r

->t of' £cfn*H
EMS LABORATORIES, INC. ^ e^

^** AL-bomc Asbestos '"
V Asbestos Sulk Sarr>pte

Ar.^yccn

B.M. Kolk
Laboratory Director

BMK/ka t

;*

EMS Labo:a:::ri::s, Inc.
Lcb Code: 1218

This report, from a NIST accredited laboratory through NVLAP. must not be used by the
client to claim product endorsement by NVLAP or any agency of the Government.

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406.



LAR NO: 24142
CLIENT: SCHAFER & ASSOC.

ANALYSIS OF WATER BY TEM (EPA-600/4-83-043)

Laboratory
I.D.

24142.0-4
24142.2-4
24142.3-4
24142.4-4
24142.5-4
24142.6-4
24142.7-4
24142.8-4

24142.1 1-4

Client
I.D.

SW 0-4
SW 2-4
SW 3-4
SW 4-4
SW 5-4
SW 6-4
SW 7-4
SW 8-4

SW 11-4

FILTER MEDIA DATA
Type

MCE
MCE
MCE
MCE
MCE
MCE
MCE
MCE
MCE

Diameter
mm
47
47
47
47
47
47
47
47
47

Effective Area
mmA2
1017
1017
1017
1017
1017
101 7
1017
1017
1017

No.ofG.O.

21
21
21
8
21
4
8
8
21

Analyzed
Area, mmA2
0.1302
0.1302
0.1302
0.0496
0.1302
0.0248
0.0496
0.0496
0.1302

Sample
Volume (ml'

50
1 0
25
20

L_ 5
5

20
25
4

INDIVIDUAL ANALYTICAL RESULTS

Laboratory
I.D.

24142.0-4
24142.2 -4
24142.3-4
24142.4-4
24142.5-4
24142.6-4
24142.7-4
24142.8-4

24142.1 1-4

Client
I.D.

SW 0-4
SW 2-4
SW 3-4
SW 4-4
SW 5-4
SW 6-4
SW 7-4
SW 8-4

SW 11-4

N
Str

N.D.
1 5
52
116
N.D.
94
101
99
2

!o. of Asbes
>5

N.D.
4

1 7
53

N.D.
33
33
37

1

tos
>10
N.D.

3
5

18
N.D.
15

9
1 1
1

Detection
Limit (MFL)

0.2
0.8
0.3
1

1.6
8.2
1

0.8
2

CONCENTRATION ( MFL )
Str

N.D.
1 2
1 6

120
N.D.
770
100
81
3.9

Str >5um
N.D.
3.1
5.3
55
N.D.
270
34
3-0

( O /
v~ x

Str >10um
N.D.
2.3
1.6
1 9

N.D.
120
9.2
9
2

The analysis was carried out to the approved TEM method,
by the method.

This laboratory is in compliance with the quality specified

Authorized Signature

GZX\0 EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406.



EMS ran duplicate preparations on the following samples for QC:

Sample No. Original Result Duplicate Result

SW 3-4 16 MFL 14 MFL

SW 5-4 BDL (DL 1.6 MFL) BDL (DL 1.2 MFL)

SW 6-4 770 MFL 750 MFL

SW 4-4 120 MFL 220 MFL
(Replicate Preparation)

QZX\Q EMS LABORATORlES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406!



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

IEMS No. 24142 Client SCHAFER&ASSOC.

Sample No. SW 0-4

Date 4 / 6 / 9 2

Total Asbestos Fibers *BDL MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers *BDL MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) *BDL MFL

Mass (Chrysotile) *BDL H9/L
Mass (amphibole) » *BDL

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample LESS

Poisson 95% Confidence Interval p_ to 0.6 MFL

Detection Limit 0.2 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 & UP

0 0 0 0 0 0

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

0 0 0 0 0 0

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406



MS Lab No. j.
:iient,

AIS^LY-

ample No._
LENGTHS

METHOD OF ANALYSIS n

1 FILTER TYPE/AREA (mm')

MCE/385

MCK/96oQ

101

TYPeOFSAMPlJE PORE SIZE
T " "| f"" '"V^*
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I^MSLabNo.

Sample No. .

L(3_ "iL 1
MICROSCOPE

A<ccV«tf..tF V.-hape 100 KV

Grid opening

1

^3.
Cf

"r""
£-^

Str #
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EDS Analysis

f4a Mg Si Ca Pe Id

Very Heavy | |

Vccy Heavy LI

Comments

I ARHRATHRIFS 117 Wcsi Wcllcvue Orivc/Pasadena CA«)1I«S.2503/RIR-441



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM - Tubular Morphology not suff iciently character ist ic
for c lass i f i ca t ion as chrysotile

CM • Characterist ic Chrysotile Morphology

CD • Chrysotile SAED pattern

CQ • Chrysotile composition by Quanti tat ive EDXA

CMQ - Chrysotile Morphology and composition by
Quantitative EDXA

CDQ - Chrysotile SAED pattern and composit ion by
Quantitative EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AO • Amphibole by random orientation SAED !shows layer
pattern of 0 .53 nn spac ing)

AX • Amphibole by qua l i ta t ive EDXA. Spectrum has elemental
components consistent with amphibole

ADX - Amphibole by random orientation SAED and Qual i ta t ive
EDXA

AQ - Amphibole by .Quantitative EDXA

AZ - Amphibole by one Zone Axis SAED

ADQ - Amphibole by random orientation SAED and Quant i tat ive
EDXA

AZQ - Amphibole by one Zone Ax is SAED pattern and Quantitative
EDXA

AZZ • Amphibole by two Zone Ax i s SAED patterns witn consistent
Inter-axial angle

AZZQ • Amphibole by two Zone Ax is SAED patterns, consistent
inter-oxial ancle and Quant i ta t ive EDXA

NAM - Non-Asoestos Mineral >



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 24142 Client SCHAFER&ASSOC.

Sample No. SW 2-4

Date 3 / 3 1 / 9 2

Total Asbestos Fibers 1_2 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 1_2 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 3.1 MFL

Mass (Chrysotile) _ *BDL
Mass (amphibole) _ 47 _ |ig/L

More/Less than 5 Chrysotile
Fibers in Sample _ LESS _
More/Less than 5 Amphibole
Fibers in Sample _ MOFE _

Poisson 95% Confidence Interval 6.6 to 1_9_ MFL

Detection Limit 0.8 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

0 0 2 1 1 1 1

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 & UP

0 1 0 ' 3 3 8

Aspect Ratio L/w
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

4 6 4 0 0 1

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406.



iiMASBttTlUS ANAL* MS f^^^^t
iMS Lab No.
:iient_

CK>
j[ 4

fe/T -
Sample No. 2- -

METIKX) OF ANALYSIS
EPA Yanaie Loci I

Lodll

Level III . .

AHERA CD

:lG35:l

LENGTHS

All Sm (EPA) C~3

a
TYPEOFSAMPI.E

WaterID Wat
r 1 Wip

MCE/38sIHJ

MCN/9«>Q|

MCE/960) _ |l

1 0/7 on*. O|
PORE SITE

O.45

DIRECT PREP

INDIRECri-REpEH

25.0 CJ

,10.0 Q

PCM Range* f~I

D fW|»-U
tiOpmltmf

Volume

Duu/Mkrovac
-l»»n

lilcn

Working Volume/ Q ml £3 Camera Cunxttnl

G.O. Am (mml) 0.0_£2a2^

NoLofG.O

AshedAroi

Prepared By_

GRID /•d >n
CridAfhlma

Screen M

Accelerating Voltage lOOK^

BeamCiunrciM ^ (3 jn

GHd opening

/
/7.

"2^

M<»̂
6<*-7

Str *

1
2^.

•2.

g

P—

<?

_^^

f\f<Z

Sir

0

f
p

/^
J^

JAG
f2-

fafl

ff

Dimensions (mm)

Width

/s
~-y

\4)

\

<5^
^

Length

*~/5£
ff~)

fyQ>
Qf-ifo
2M

<J>£)

*7'ZO

Fiber Classification

NAM

^/

^/

TM

/

CM CD (D CMQ CDQ

_

IF AD AX ADX

"iX

v/
^--

^/
^

.

AO

•*"

ADO A7Q A77

EDS Analysis

Mi M<] SI Ca Fe Id

r~ —

Comments

<^5*t-C-̂ -/j? "TTx--=5 JLJS

-**?J /^7 \y&JY)

^LOSM'U "Jy^frT

£~:Jj<-> ftr? 1") ̂ 171

d^6 /?*» ̂ " "^" TT'f*'
1

OBShRVAIlONS: cicanU.^ _^ ,
Debris: k] Vejy Light G Ugh! .fc3 Modenic kl Heavy CJ Voy Heavy LJ

Cypjuni:G VetyLigMQ Light G Moderate G Heavy G VoyHeavy (J

Other G



31-Mar-199£ 09:04:05 £414£-SW£-4,A,#O1,SA

ENERGY COUNTS X-RAY LINES

0. 51 7£38. 0 KA1, 0 KA£. V LAI, V LA£, V LB1, V LG1

O. 99 149. Zn LAI, Zn LA£, Zr. LB1

l.£25 5383. Mg KA1, Mg KA£, Mg KB1

1.74 16643. Si KA1, Si KA£

£.£9 134. S KA1, S KA£

£. £14 80. Cl KA1, Cl KA£

3.31 393. K KA1, K KA£

3.(i9 3961. Ca KA1, Ca KA£

4.0£ 495. Ca KB1, Ca KB3

5.91 344. Mn KA1, Mn KA£

6.40 1739. Fe KA1, Fe KA£

7.06 £57. Fe KB1, Fe KB3



31-Mar-199£ 09:13:35 £414£-SW£-4, ft, #03, Sft

ENERGY COUNTS X-RftY LINES

O.!5i

l.iE:6

1.73

3.129

3. <i9

4.01

6.39

7.O1

1453. 0 Kf t l , 0 Kfl£, V Lf t l , V Lfl£, V LB1, V LSI

780. Mg Kf i l , Mg Kfl£, Mg KB1

£930. Si Kf t l , Si Kfl£

K K f t l , K Kfl£

Ca Kf t l , Ca Kft£

Ca KB1, Ca KB3

Fe Kf t l , Fe Kfl£

115.

564.

79.

34£.

5£. Fe KB1, Fe KB3



31-Mar-199£ 09:15:16 £414£-SW£-4, ft,

ENERGY COUNTS X-RflY LINES

0.51

1.00 '

1.E5

1.74

3. 31

3.69

4.01

5. SI

6.39

7.C5

49£7. 0 Kfll,

£54. Na Kfll,

£945. Mg Kfll,

104£3. Si Kfll,

3£5. K Kfll,

1804. Ca Kfll,

£36. Ca KB1,

160. Mn Kfll,

149O. Fe Kfll,

O Kfl£, V Lfll, V

Na Kfl£, Zn Lfll, Z

Mg Kfl£, Mg KB1

Si Kfl£

K Kfl£

Ca Kfl£

Ca KB3

Mn Kfl£

Fe Kfl£

191. Fe KB1, Fe KB3
31-Mar-199£ 09:££:16
Execution time = 8 seconds
£414£-SW£-4, ft, *K>& Sfl
Vert= 50O counts Disp= 1

Energy Counts X-Ray Lines

O. 5£ 585.

1. £5 310.

1.74 1088.

£.6O 114.

3.69 £47.

6.38 £06.

0 K , 0 K ,
V L

Mg K , Mg K ,

Si K , Si K

Cl K , Cl K

Ca K , Ca K

Fe K , Fe K

V

Mg K

Preset= Off
Elapsed= sees

Quantex>
0. £40 Range= 10.£30 keV

Integral 8 =
10.£30

£83



31-Mar-1992 09:£6:55
Execution time = 15 seconds
£414£-3W£-4,fl,#07,SH Preset= Off
Vert= £OO counts Disp= 1 Elapsed= 31 sees

Energy Counts X-Ray Lines

L , V L , V L ,

Zn L

Mg K

0. 51

0. 99

1. £5

1.73

3. 30

3. 69

8. 39
Quant ex >

0.

731

156

319

143£

103

133

419

£40

O
V

Zn

Mg

Si

K

Ca

Fe

Range=

K
L

L

K

K

K

K

K

, 0

, Zn

, Mg

, Si

, K

, Ca

, Fe

1O. £30

K ,

L ,

K ,

K

K

K

K

keV 1C.£30
Integral 8 = 308
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MICROSCOPE

«)(IA 1 V
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N
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7/

^H'
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%
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,
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Str

^

f"

fMf)
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1^1 f

F
?
-

Dimensions (mm)
Width

•7

,

Ci>
£l

^
\->
M -
r-
.

Length

~3^
'

^tf
2,r —

§
" " -"

_
'-

£>2^

ONS: Clean 1

Fiber Classification
NAM

/

..

-

TM CM CD CO CMQ CDQ

•

LF

•

AD AX ADX AQ ADO

^
i/

-^
/

/

S

s

A2O AZZ

'EDS Analysis
Ma Mq

2.

3̂
3
/-

(̂
/

Sr

/o
/o
/c)
/i

^n
/O
/^

Ca

/

.3

•̂3,

/̂

£f

Fe

2-

/•

0̂

4"
:s
2_

Id

\ /

Comments

"^J^fnoLif-c
' f \Srtfrint jt-r

~~/Yt>mc>tik.
*7Yfrr>r£t'/rL

7YZ*K<6H

""

IX-hris: Q
Gypsum: 1 _ ]

Olhcr D

Very Lighl LJ

Very Light tZI

l.iplil

l.ighl C3

Mixlcralc

M«Mlcratc d

Heavy C3

Heavy Q

Very Heavy Q

Very Heavy Q

i=:r\/ic: | ARnRATHRIFR I 17 Wcsl Bcllcvnc Drive / P.isndcna CA 91105-2503 / 818-441-2301



31-Mar-I992 09:£5:31
Execution time = 8 seconds
£414£-SW£-4, B, #0̂ , RS Preset= Off
Vert= £00 counts Disp= 1 Elapsed= 48 sees

Energy Counts X-Ray Lines

1.E6 338. Mg K , Mg K , Mg K

1.74 1405. Si K , Si K

3. 70 192. Ca K , Ca K

6.39 £17. Fe K , Fe K

Quantex>
O.£40 Range= 10.£30 keV 1O.£3O

Integral 8 = £59



31-Mar-1992 09:29:59
Execution time = 8 seconds
£414£-SW£-4, B, ttOg, RS
Vert = £00 counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= 3O sees

1.25

1.74

3.67

6. 38

£18.

840.

£77.

87.

Mg K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Quantex>
0. £40 Range= 10.£30 keV

31-Mar-1992 09:32:16
Execution time = 6 seconds
24142-SW2-4, B, #0/|, RS
Vert= £00 counts Disp= 1

Energy Counts X-Ray Lines

1C.£30
Integral 8 =

1,25

1. 74

3. 70

6. 37

50£.

1796.

502.

156.

Mg K , Mg K , Mg K

Si K , Si K

Ca K' , Ca K

Fe K , Fe K

Preset= Off
Elapsed=

16£

£5 sees

Quant ex >
0.240 Range= 10. £30 keV 10. £30

Integral B = £78



31-Mar-1992 09:34:47
Execution time = 7 seconds
£414£-SW2-4,B,#05,RS Preset= Off
Vert= 500 counts Disp= 1 Elapsed= 30 sees

Energy Counts X-Ray Lines

l.£5 886. Mg K , Mg K , Mg K

1.74 £553. Si K , Si K

3. 69 740. Ca K , Ca K

4. 02 81. Ca K , Ca K



31-Mar-1992 09:43:44 24142-SW2-4, B, #06, RS

ENERGY COUNTS X-RflY LINES

1.01

1.35

1.74

3. 32

3.69

6. 39

7.03

152. Na Kfll, Na Kfl2, Zn

567. Mg Kfll, Mg Kfl2, Mq

6919. Si Kfll, Si Kfl2

223. K Kfll, K Kfl2

519. Ca Kfll, Ca Kfl2

2553. Fe Kfll, Fe Kfl2

Lfll,

KB1

326. Fe KB1, Fe KB3
31 -Mar- 1992 09:45:46
Execi.it ion time = 7 seconds
24142-SW2-4, B, tt07, RS
Vert= 200 counts Disp= 1

Energy Counts X-Ray Lines

1.74 402. Si K ,

3.69 1317. Ca K ,

4.03 116. Ca K ,

6. 40 335. Fe K. ,

Si K

Ca K

Ca K

Fe K

Preset= Off
Elapsed= 34 sees

Quantex>
0.240 Range= 10.230 keV 10.230

Integral 8 = 206



31-Mar-199£ 09:AS:08
Execution time = 7 seconds
£414£-SW£-4, B,#08, RS Preset- Off
Vert= £00 counts Disp= 1 Elapsed= 18 sees

Energy Counts X-Ray Lines

1.26 £30. Mg K , Mg K , Mg K

1.74 1973. Si K , Si K

3.69 884. Ca K , Ca K

4.03 110. Ca K , Ca K

6. 39 468. Ft? K , Fe K

7.05 68. Fe K , Fe? K

Quantex>
0.£40 Range= 10.£30 keV 10.E3O

Integral 8 = 3£5



VIS Lab No
L ; Ul' AN/ '

O U \U

i 2--M IGRID

MICROSCOPE
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P
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w
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7

Dimensions (mm)
Width

^j
|

&>
1

{

1
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Length

w
|r7
1 1 2^

^o>

1^

•i Aiulysl C->..' /-7K ' '' ^^-^ Dale «->/ ^

Fiber Classification
NAM

j/

vX
tX

JX

r

TM

^

CM CD GO CMQ DO

ONS: CIM.I L_l

IF AD AX ADX
î

)rx

^x

AQ ADO AZQ AZZ
EDS Analysis

Na Mq Si Ca Fe Id Comments
r==/̂ ?/ XJ, » T/<gVVt<2

' y
F^nCJlr2? '~J/<zwii

— * / "

'

^)M # <i

*-"~"" \——* ^^>

Debris: pi

Gypsum: I I

Oilier CH

Very Liglil D

Very l.ighi D

l.iglî S^ M«Hlcralc-B^ Heavy D Very Heavy Q

Light CD MtMlcrulc l~l Heavy L~) Very Heavy Q

F^/IR I ARnRATORIFS I 17 Wcsl BHIevne Drive / Piisndcna TA Q1105-2501 /8I8-44I-2W



31-Mar-199£ 10:11:45
Execution time = 7 seconds
£414£-SW£-4, C, #01, Sft
Vert = £00 counts Disp= 1

Energy Counts X-Ray Lines

0.51 1S55. K 0 K L

Preset= Off
Elapsed=

L

5£ sees

l.£5

1.73

3.31

3.70

6.38

Quant ex >
0. £40

31 -Mar- 1992
Execution t
£414£-SW£-4
Vert= £

Energy

0.51

l.£4

1. 74

3.69

4.01

6.39

760.

£333.

91.

368.

331.

Mg

Si

K

Ca

Fe

Range=

10:18:37
i me = 7
, C, #03, SA
OO counts
Counts

£46£.

16£5.

4774.

1416.

154.

4£4.

0
V

Mg

Si

Ca

Ca

Fe

K ,

K ,

K ,

K ,

K ,

10.

Mg K ,

Si K

K K

Ca K

Fe. K

£30 keV

seconds

Disp= 1
X-Ray Lines

K ,
L

K ,

K ,

K ,

K ,

K ,

0 K ,

Mg K

Si K

Ca K

Ca K

Fe K

Integral 8 =
1O. £30

Preset= Off
Elapsed=

405

28 sees

L , V

Quantex)
O. £4O Range= 10.£3O keV

Integral 8 =
1O. £30

864



31-Ma>—19912 10:£1:O3 £414£-SW£-4, C, 4*04, Sfl

ENEFiGY COUNTS X-RflY LINES

0.

1.

1.

1.

1.

3.

3.

4.

5.

6.

51

0£

£5

47

73

3£

e,9

04

68

39

£59£.

1£7.

1£80.

15£.

5250.

170.

888.

S£.

101.

911.

0

Na
Zr.

Mg

ftl

Si

K

Ca

Sc

Mn

Fe

Kfll,

KA1,
LG1

Kfll,

Kfll,

Kfll,

Kfll,

Kfll,

Kfl£,

Kfll,

Kfll,

0

Na

Mg

ftl

Si

K

Ca

Ca

Mn

Fe

Kfl£, V Lfll, V Lfl£, V LB1, V LSI

Kfl£, Na KB1, Zn Lfll, Zn Lfl£, Zr. LSI.

Kfl£, Mg KB1

Kfl£

Kfl£

Kfl£

Kfl£

KB1, Ca KB3

Kfl£

Kfl£



31-Mar-1992 10:41:20
Execution time = 6 seconds
£414£-SW£-4,C,#06,Sft Preset= Off
Vert = 500 counts Disp= 1 Elapsed= 46 sees

Energy Counts X-Ray Lines

0.51 1476. O K , O K , V L , V L , V L ,
V L

1.24 962. Mg K , Mg K

1.74 £742. Si K , Si K

3.69 610. Ca K , Ca K

6.39 432. Fe K , Fe K

Quantex>
0.240 Range= 1O. 23O keV 1O.23O

Integral 8 = 533



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TH - Tubular Morphology not suff iciently character ist ic
for c lass i f i ca t ion as chrysotile

CM - Character ist ic Chrysotile Morphology

CO - Chrysotile SAED pattern

CQ • Chrysotile composit ion by Quanti tat ive EDXA

CMQ - Chrysotile Morphology and composition by
Quanti tat ive EOXA

CDQ - Chrysotile SAED pattern and composition by
Quantitat ive EOXA

NAM • Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientation SAED !shows layer
pattern of 0.53 nn spacing)

*
AX - Amphibole by qua l i ta t i ve EDXA. Spectrum has elemental

components consistent with amphibole

ADX - Amphibole by random orientation 5AED and Qual i tat ive
EOXA

AQ - Amphibole by. Quant i tat ive EDXA

AZ - Amphibole by one Zone Ax is SAED

ADQ - Amphibole by random orientation SAED and Quanti tat ive
EDXA

AZQ • Amphibole by one Zone Ax is SAED pattern and Quantitat ive
EDXA

AZZ - Amphibole by two Zone Axis SAED patterns witn consistent
Inter-axial anqle

AZZQ • Amphibole by two Zone Ax is SAED patterns, cons is ten t
inter-oxial ancle and Quant i ta t ive EDXA

NAM - Non-Asbestos M i n e r a l >



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No.

Sample No.

Date

24142

SW 3-4

3/31/92

Client SCHAFER&ASSOC.

Total Asbestos Fibers

Chrysotile Fibers
Amphibole Fibers

> 5 Micron length (chrysotile)
> 5 Micron length (amphibole)

Mass (Chrysotile)
Mass (amphibole)

More/Less than 5 Chrysotile
Fibers in Sample
More/Less than 5 Amphibole
Fibers in Sample

Poisson 95% Confidence Interval

Detection Limit
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

16 MFL

0.3
16

MFL
MFL

*BDL
5.3

MFL
MFL

0.002
50

wg/L
UQ/L

LESS

MORE

1 2 to

0.3

21 MFL

MFL

O -0.49

0

O - .04

0

0 - 9.9

1 7

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49

1

1 8

1

1 1

Particle Width - Microns
.05 - .09 .1 - .14 .15 - .19 .2 - .24

8

Aspect Ratio L/W
10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9

1

2.5 & UP

33

.25 & UP

31

50 & UP

2

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406f
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Gypsum: Q Vcay LJg»* G Lighl G Moderate G Heavy O Veiy Heavy [ J



MS Ljb No.

amle No.

I/

I
MK ...̂ i'

GRID

IIUI25CCD

<*«.! Atklicsx

Sueoi Magiiif

<*«N«%lant

IWKV

Hcain i'tuicnl

Aiulysl . Dale .

Grid opening

/S

,^.

( T^''
^x

OBSE

Sir #

kVAT

Str

7c
?(

77-
2&
iff
7,1
-,

07
""

Dimensions (mm)
Width

<<T
L"^
j^~

5
"̂ 2,—
<f^

H3

ONS:

Length

^^A <-, —

£f^ /
2^i
^0
hi^i
•̂ o»
3>^^

Fiber Classification
NAM

.

TM CM CD OQ CM3 CDQ

•

IF AD
/
/

f

r

'f

ŝ
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31-Mar-199£ 10:26:09
Execution time = 6 seconds
£414£-SW3-4,fl,#0£,RS Preset= Off
Vert= 500 counts Disp= 1 Elapsed= 15 sees

Energy Counts X-Ray Lines

Mg K

0. 98

l.£5

1. 74

3. £3

3.69

3. 99

6. 4O

Quantex)
0. £40

31-Mar-199£
Execution t

88

1180

4136

8£

7£7

39

6££

1£7

10:
irne

Zn L ,

Mg K ,

Si K ,

K K ,

Ca K ,

Ca K ,

Fe K ,

Fe K .
Range= 10.

£8:59

Zn L

Mg K ,

Si K

K K

Ca K

Ca K

Fe K

Fe K
£3O keV

= 7 seconds
£414£-SW3-4, ft, tt03, RS
Vert = 500 counts Disp=

Energy Counts X-Ray

l.£5

1.74

3. 3£

3.69

4. 0£

6.39

7.07

1768

6811

87

1424

13£

930

111

Mg K ,

Si K ,

K K ,

Ca K ,

Ca K ,

Fe K ,

Fe K ,

1
Lines

Mg K ,

Si K

K K

Ca K

Ca K

Fe K

Fe K

1O.£30
Integral 3 = 651

Preset= Off
Elapsed= 19 sees

Quantex)
0.£4O Range= 10.£30 keV 10.£30

Integral 8 = 981



31-Mar-1992 1O:30:£6
Execution time = 7 seconds
£414£-SW3-4,fl, #04, RS preset= Off
Vert = 500 counts Disp= 1 Elapsed= ££ sees

Energy Counts X-Ray Lines

1.25 1540. Mg K , Mg K , Mg K

1.74 5731. Si K , Si K

3. 30 39O. K K , K K

3.69 979. Ca K , Ca K

4. 03 113. Ca K , Ca K

4.49 65. Ti K , Ti K

6.40 1134. Fe K , Fe K

Quantex) 157. Fe K , Fe K
0.£40 Range= 10.£30 keV 10.£3O

Integral 8 = 893



31-Mar-199£ 10:44:£7
Execution time = 7 seconds
£414£-SW3-4, 0, #05, RS
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= 44 sees

1.S5

1. 73

3.29

3.69

6. 40

497.

1391.

113.

306.

351.

Mg

Si

K

Ca

Fe

K ,

K ,

K ,

K ,

K ,

Mg

Si

K

Ca

Fe

K , Mg K

K

K

K

K

Quant ex >
0. £40

31 -Mar- 1992
Execution t
£414£-SW3-4

Range=

10:46:
irne =
, ft, #06,

40
7

RS
Vert= 10OO counts

Energy

1. £5

1. 74

3. 30

3.69

4. 0£

6. 40

Counts

£416.

7485.

114.

£053.

178.

685.

Mg

Si

K

Ca

Ca

Fe

10.£30 keV
Integral 8 =

seconds

Disp=
X-Ray

K ,

K ,

K ,

K ,

K ,

K ,

1
Preset = Off
Elapsed=

Lines

Mg

Si

K

Ca

Ca

Fe

K , Mg K

K

K

K

K

K

10.£30
3£5

£4 sees

Gkiantex)
0. £4O Range= 10.£30 keV

Integral 8 =
10. £30

1111



31-Mar-1392 11:06:25
Execution time = 7 seconds
£414£-SW3-4,P,#11,RS Preset= Off
Vert = 500 counts Disp= 1 Elapsed^ £7 sees

Energy Counts X-Ray Lines

l.£5 1043. Mg K , Mg K , Mg K

1.74 3796. Si K , Si K

3.30 101. K K , K K

3.69 741. Ca K , Ca K

6.37 £93. Fe K , Fe K

Quantex>
0. £40 Range= 10. £30 keV 1O. c!3O

Integral 8 = 515
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31-Mar-199£ 11:0£:£8
Execution time = 7 seconds
£414£-SW3-4,B,tt01,Sft Preset= Off
Vert= 500 counts Disp= 1 Elapsed= 3£ sees

Energy Counts X-Ray Lines

K , V L , V L , V L ,

Mg K

Si K

Ca K

Ca K , Ca K

Fe K

Fe K

10. £30 keV 1O.£3O
Integral 8 = 644

0.51

l.£4

1. 73

3. 68

4. 04

6. 33

7. 04
Quant ex >

0.

17£3

918

33O5

616

95

SO4

1£B

£40

0
V

- Mg

Si

Ca

Sc

Fe

Fe

Range=

K
L

K

K

K

K

K

K

i

i

•>

>

i

5

1

1C



31-Mai—1992 13:19:40 £414£-SW3-4.B, ttO£, Sfl

ENERGY COUNTS X-RRY LINES

0. 51

1 . C 1

l.£5

1.74

£. 6£

3. 3£

3.t,9

4. 0£

5. Sl£

6. 40

7. 03

£704. O Kfll, 0 Kfl£, V Lfll, V

100. Na Kfll, Na Kfl£, Zn Lfll, Zn

1663. Mg Kftl, Mg KP>£, Mg KB1

5411. Si Kfll, Si Kft£

67. Cl Kfll, Cl Kfl£

165. K Kfll, K Kfl£

1046. Ca Kfll, Ca Kfl£

11£. Ca KB1, Ca KB3

91. Mr. Kfll, Mr. Kfl£

830. Fe Kfll, Fe Kfl£

97. Fe KB1, Fe KB3
31-Mar-19S£ 13:£0:3£
Execution time = 7 seconds
£414£-SW3-4, B, ttO3, Sfl
Vert= 50O counts Disp= 1

Energy Counts X-Ray Lines

0.5S 1184. 0 K , 0 K ,
V L

l.£5 663. Mg K , Mg K ,

1.73 £095. Si K , Si K

3.31 59. K K , K K

3.69 4£8. Ca K , Ca K

6. 39 380. Fe K , Fe K

7.04 83. Fe K , Fe K
Duantex)

0.£4O Range= 10. £30 keV

Lfl£

Lfl£

V L

Mg K

Preset= Off
Elapsed= sees

L

10.£30
Integral 8 =: 4£6



31-Mai—1332 13:£1:£3 2414a-SW3-4, B, ttO4,Sfl

ENERGY COUNTS X-RflY LINES

O. 551 389O. 0 KOI, O Kfl£, V Lfll, V Lfl£, V LB1, V LG1

1.O1 £££. Na Kfll, Na Kfl£, Zr. Lfll, Zn Lft£, Zn LB1, Zn LSI

1.S5 £36£. Mg Kftl, Mg Kfl£, Mg KB1

1.-+7 95. fll Kfll, fll KAiE:

1.74 8608. Si Kfll, Si Kfl£

3. 3£ ISO. K Kfll, K Kfl£

3. to9 811. Ca Kfll, Ca Kfl£

4.01 1£3. Ca KB1, Ca KB3

4. ^8 63. Ti Kfll, Ti Kfl£

5.39 80. Cr Kfll, Cr Kfl£

5.98 191. Mn Kfli, Mr. Kfl£

6.38 £OO5. Fe Kfll, Fe Kfl£

7.04 ££6. Fe KB1, Fe KB3

7.51 39. Ni Kfll



ENEFGY COUNTS

31 -Mar- 1992 13:23:40

X-RAY LINES

£414£-SW3-4, B, ttO5, SO

O.E.1 1898. 0 Kftl, 0 Kft£, V Lftl, V Lft£, V LB1, V LGi

1.01 88. Na Kfll, Na Kft£, Zn Lftl, Zr. Lft£, Zn LSI, Zr. LSI

l.cS 1£49. Mg Kftl, Mg Kft£, Mg KB1

1.73 3890. Si Kfll, Si Kfl£

3.31 IAS. K Kftl, K Kft£

3.6,9 703. Ca Kftl, Ca Kft£

4.03 67. Ca KB1, Ca KB3

5.90 53. Mn Kftl, Mr. Kft£

6. AO 596. Fe Kfll, Fe Kfl£

7.04 74. Fe KB1, Fe KB3



31-Mar-199£ 13:26:33 £414c.'-SW3-4, B, #O6, Sft

ENERGY COUNTS

0.51

1. 00

l.£5

1. 73

3. 31

3. 69

4. 00

5. 84

6. 39

7.04

3056.

101.

£04£.

6749.

150.

1509.

16£.

83.

10£3.

X-RftY LINES

0 Kftl, 0 Kft£, V Lftl, V LA£, V LSI, V LG1

Na Kftl, Na Kfi£, Zr. Lftl, Zn Lft£, Zr. LB1, Zn LG1

Mg Kftl, Mg Kft£, Mg KB1

Si Kftl, Si Kft£

K Kftl, K Kfl£

Ca Kftl, Ca Kfi£

Ca KB1, Ca KB3

Mn KftS

Fe Kftl, Fe Kft£

1£1. Fe KB1, Fe KB3
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31-Mar-1932 15:09:36
Execution time = 6 seconds
£414£.SW3-4, lC,01,Gft Preset* Off
Vert = SCO counts Disp= 1 Elapsed= 39 sees

Energy Counts X-Ray Lines

1.25 334. Mg K , Mg K , Mg K

1.74 1419. Si K , Si K

3.69 £61. Ca K , Ca K

6.41 377. Fe K , Fe K

Quantex>
0.240 Range= 10.230 keV 1O. £30

Integral 8 = £O6



31-Mar-1992 15:17:29
Execution time = 6 seconds
24142,SW3-4,1C,02,GA Preset= Off
Vert = 1000 counts Disp= 1 Elapsed= 31 sees

Energy Counts X-Ray Lines

1.25 3O90. Mg K , Mg K , Mg K

1.74 12494. Si K , Si K

3. 33 357. K K , K K

3.69 £624. Ca K , Ca K

4.03 281. Ca K , Ca K

6.40 1721. Fe K , Fe K

7. 04 260. Fe K , Fe K

Quantex>
O.240 Range= 10.230 keV 1C.23O

Integral Q = 184O



3l-Mar-199£ 15:13:45
Execution time = 6 seconds
£414£,SU3-4, 1C,03,GA Preset = Off
Vert = 10OO counts Disp= 1 Elapsed= 35 sees

Energy Counts X-Ray Lines

l.£5 3566. Mg K , Mg K , Mg K

1.74 14219. Si K • , Si K

3.33 391. K K , K K

3.69 £963. Ca K , Ca K

4. 03 £96. Ca K , Ca K

6. 40 £012. Fe K , Fe K

7. O4 348. Fe K , Fe K

Quantex>
0. £4O Range= 10.£30 keV 10.£3O

Integral 8 = £080



31-Mar-199£ 15:42:16
Execution time = 7 seconds
£4142,SW3-4,1C,04 Gft preset= Off
Vert = 1000 counts Disp= 1 Elapseci= ISO sees

Energy Counts X-Ray Lines

l.£5 4835. Mg K , Mg K , Mg K

1.74 17846. Si K , Si K

3.63 4086. Ca K , Ca K

6.4O 3O33. Fe K , Fe K

Quantex>
0.£40 Range= 10.230 keV 1O.23O

Integral 8 = ££36



31-Mai—199£ 15:5£:37
Execution time = 7 seconds
£414£,SW3-4,1C.05 Grt Preset= Off
Vert = 50O counts Disp= 1 Elapsed= 30 sees

Energy Counts X-Ray Lines

l.£5 496. Mg K , Mp K , Mp K

1.74 £149. Si K , Si K

3.33 91. K K , K K

3.69 £47. Ca K , Ca K

6. 40 569. Fe K , Fe K

7.01 86. Fe K , Fe K

Quantex>
0. £40 Range= 10.£30 keV 10.S3O

Integral 8 = 318



31-Mar-1992 16:01:43
EKecution time = 6 seconds
£414£,3W3-4, 1C, OS6 Gft Preset= Off
Vert = 500 counts Disp= 1 Elapsed= 33 sees

Energy Counts X-Ray Lines

0.98 110. Zn L , Zn L

l.£6 5£5. Mg K , Mg K , Mg K

1.74 £459. Si K , Si K

3. 3£ 130. K K , K K

3.68 £7£. Ca K , Ca K

6. 40 703. Fe K , Fe K

7.06 115. Fe K . Fe K

Quantex>
0.£40 Range= 10.£30 keV 10.£30

Integral S = 355



31-Mar-1992 16:04:22
Execution time = 6 seconds
£4142, SW3-4, 1C. 0^ 6ft Preset= Off
Vert= 500 counts Disp= 1 Elapsed= 41 sees

Energy Counts X-Ray Lines

, Zn L

, Mg K , Mg K

, Si K

, K K

. Ca K

, Fe K

, Fe K

Quantex>
O.£40 Range= 10.230 keV 10.23O

Integral 8 = 465

0.

1.

1.

3.

3.

6.

7.

98

25

74

32

69

40

06

137.

654.

£9£9.
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341.

834.

144.

Zn

Mq
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K
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Fe

L

K

K

K

K

K

K



31-Mar-199£ 16:16:57
Execution time = 7 seconds
£414£,SW3-4,1C,08 Gft Preset= Off
Vert = 500 counts Disp= 1 Elapsed= £7 sees

Energy Counts X-Ray Lines

l.£5 446. Mg K , Mq K , Mq K

1.74 £091. Si K , Si K

£. 03 69. P K , P K

3.70 471. Ca K , Ca K

4.O3 84. Ca K , Ca K

6.41 783. Fe K , Fe K

7. O7 76. Fe K , Fe K

Quantex)
O.£4O Range= 10.£3O keV 1O.£30

Integral 3 = 369



31-Mai—199£ 16:£2:35
Execution time = 6 seconds
£414£,SW3-4,1C.09 GR Preset= Off
Vert = 300 counts Disp= 1 Elapsed= £6 sees

Energy Counts X-Ray Lines

l.£5 413. Mn K , Mg K . Mg K

1.74 16£4. Si K . Si K

3. 69 396. Ca K , Ca K

6.40 £49. Fe K , Fe K

Quantex>
0.£40 Range= 10.£30 keV 1C.£30

Integral 8 = £3O



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM - Tubular Morphology not sufficiently characterist ic
for c lass i f i ca t ion as chrysotile

CM - Characteristic Chrysoti le Morphology

CD - Chrysotile SAED pattern

CQ - Chrysotile composit ion by Quant i ta t ive EDXA

CMQ - Chrysotile Morphology and composition by
Quantitat ive EDXA

CDQ - Chrysotile SAED pattern and composit ion by
Quanti tat ive EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientation SAED !shows layer
pattern of 0.53 nn spacing)

AX • Amphibole by qual i ta t ive EDXA. Spectrum has elemental
components consistent with amphibole

ADX - Amphibole by random orientation SAED and Qual i tat ive
EOXA

AQ - Amphibole by Quant ; ta t ive EDXA

AZ - Amphibole by one Zone Ax is SAED

ADQ - Amphibole by random orientation SAED and Quantitative
EDXA

AZQ • Amphibole by one Zone Ax is SAED pattern and Quantitative
EDXA

AZZ - Amphibole by two Zone Ax is SAED patterns witn consistent
Inter-axial angle

AZZQ - Amphibole by two Zone A x i s SAED patterns, consistent
inter-oxial ancle and Quant i tat ive EDXA

NAM - Non-Asbestos Mineral >



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

IEMS No. 24142 Client SCHAFER&ASSOC.

Sample No. SW 4-4

Date 4 / 1 3 / 9 2

Total Asbestos Fibers 120 MFL

Shrysotile Fibers *BDL MFL
Amphibole Fibers 120 MFL

> 5 Micron length {chrysotile) *BDL MFL
> 5 Micron length (amphibole) 55 MFL

Mass (Chrysotile) _ *BDL
Mass (amphibole) _ 950

More/Less than 5 Chrysotile
Fibers in Sample _ LESS
More/Less than 5 Amphibole
Fibers in Sample _ MOF1E

Poisson 95% Confidence Interval 97 to 140 MFL

Detection Limit 1 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49

0 3 12 7 14

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24

0 5 12 ; 20 16

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9

27 37 25 13 4

2.5 & UP

80

.25 & UP

63

50 & UP

1 0

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406.
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2-ftpr-199£ 14:51:53
Execution time = 7 seconds
£414£,SW4-4, lfl,01,Gfl Preset= Off
Vert = 200 counts Disp= 1 Elapsed= 45 sees

Energy Counts X-Ray Lines

1.25 176. Mg K , Mg K , fig K

1.74 756. Si K , Si K

3.70 186. Ca K , Ca K

6.41 186. Fe K , Fe K

Quantex>
0.240 Range= 10.230 keV 10.23O

Integral 0 = 6S09



£-flpr-199£ 14:54:39
Execution time = 6 seconds
£414£,SW4-4, lfl,0£,Gft Preset= Off
Vert = £00 counts Disp= 1 Elapsed= 59 sees

Energy Counts X-Ray Lines

l.£6 £43. Mg K , Mg K , Mg K

1.73 990. Si K , Si K

3. 69 19£. Ca K , Ca K

6.39 £13. Fe K , Fe K

Quantex>
O.£4O Range= 10.£30 keV 1O.£30

Integral 0 = 75£5



£-ttpr-199£ 14:58:03
Execution time = 6 seconds
£414£, SW4-4, 1ft, 03, Gfl preset= Off
Vert= SCO counts Disp= 1 Elapsed= 66 sees

Energy Counts X-Ray Lines

1.25 273. Mg K , Mg K , Mg K

1.73 1116. Si K , Si K

3. 69 23£. Ca K , Ca K

6.39 £47. Fe K , Fe K

Quantex)
O.£40 Range= 10.£30 keV 1C.£3O

Integral 0 = 83£7



S-flpr-1992 14:59:34
Execution time = 5 seconds
£414£,3W4-4, 1ft, 04,Gft Preset= Off
Vert = £00 counts Disp= 1 Elapsed= 74 sees

Energy Counts X—Ray Lines

l.£5 317. Mg K , Mg K , Mg K

1.73 1257. Si K , Si K

3. 70 £58. Ca K , Ca K

6.40 £8£. Fe K , Fe K

Quantex>
0.£40 Range= 10.£3O keV 1O.£3O

Integral 0 = 9439



£-flpr-199£ 14:5£:0£
Execution time = 7 seconds
£414£,SW4-4,lfl,Ol,GO Preset= Off
Vert= £00 counts Disp= 1 Elapsed= 45 sees

Energy Counts X-Ray Lines

1.E5 176. Mg K , Mg K , Mg K

1.74 756. Si K , Si K

3.70 166. Ca K , Ca K

6.41 136. Fe K , Fe K

Quantex>
0.£40 Range= 10.£3O keV 10.£3O

Integral 0 = 6609



£-flpr-199£ 14:55:14
Execution time = 6 seconds
£414£,SW4-4,1ft,0£,Gft preset= Qff
Vert = £00 counts Disp= 1 Elapseci = 59 sees

Energy Counts X-Ray Lines

l.£6 £43. Mg K , Mg K , Mg K

1.73 99O. Si K , Si K

3.69 19£. Ca K , Ca K

6.39 £18. Fe K , Fe K

Quantex)
0. £40 Range= 10.£30 keV 10.£3O

Integral 0 = 75£5



2-ftpi—199£ 14:58:12
Execut'ion time = 6 seconds
£414£,SW4-4,1ft,03,Gfl Preset= Off
Vert= £00 counts Disp= 1 Elapsed= 66 sees

Energy Counts X-Ray Lines

l.£5 £73. Mg K , Mg K , Mg K

1.73 1116. Si K , Si K

3.69 £3£. Ca K , Ca K

6.39 £47. Fe K , Fe K

Quantex)
O.£4O Range= 10.£30 keV 10.£3O

Integral 0 = 83£7



£-ftpr-199£ 14:59:31
Execution time = 5 seconds
£414£,SW4-4, 1ft,04,GA Preset= Off
Vert= £00 counts Disp= 1 Elapsed= 74 sees

Energy Counts X-Ray Lines

l.£5 317. Mg K , Mg K , Mg K

1.73 1£57. Si K , Si K

3. 7O £58. Ca K , Ca K

6.40 £8£. Fe K , Fe K

Quantex)
Range= 10.£3O keV 10.£3O

Integral 0 = 9439
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13-flpr-199£ O9:3£:43
Execution time = 6 seconds
£414£,SW4-4,B,#01,RS Preset= Off
Vert = 500 counts Disp= 1 Elapsed= 31 sees

Energy Counts X-Ray Lines

l.£5 1004. Mg K , Mq K , Mg K

1.74 3366. Si K , Si K

3.69 838. Ca K , Ca K

4.05 107. 3c K , Sc K , Ca K , Ca K

6. 39 371. Fe K , Fe K

Quantex)
0.000 Range= 10.£30 keV 10.070

Integral 8 = 464
13-flpr-199£ 09:35:56
Execution time = 6 seconds
£414£,SW4-4,B,ttO£,RS Preset= Off
Vert= £00 counts Disp= 1 Elapsed= 33 sees

Energy Counts X-Ray Lines

1.25 £44. Mg K , Mg K , Mg K

1.74 957. Si K , Si K

3.67 11£. Ca K , Ca K

6. 4O 153. Fe K , Fe K

Quantex)
0.000 Range= 10.230 keV 10.O70

Integral 8 = 14C



13-Api — 199£ 09:37:36 £4142, SW4-4, B, #02,, RS

ENERGY COUNTS X-RAY LINES

1 . £5

1.74

£. 65

3. 30

3.69

4. 04

6. 40

7. 07

8. 58

1477

5400

45

•

•

•

1£6.

1490

1£7

4£8

67

48

•

•

•

•

•

Mg

Si

Cl

K

Ca

Sc

Fe

Fe

Zn
13-Apr-199£
Execution t

KA1

KA1

KA1

KA1

KA1

KA£

KA1

KB1

KA£
09:

irne

>

?

i

?

i

.

*

*

39

Mg

Si

Cl

K

Ca

Ca

Fe

Fe

KA£, Mg

KA£

KB1

KA£

KA£

KA£

KB1, Ca KB3

KA£

:£0

£414£, SW4-4, B, ttO^ RS
Vert= 500 counts

Energy Counts

1.

1.

3.

3.

£6

74

31

7O

1£77

4506

60

KB

6

X

Mg

Si

•

1££0.

4. OS

6.40

7.07

1£6

338

84

K

Ca

Ca

Fe

Fe

3

seconds

Disp=
-Ray

K ,

K ,

K ,

K ,

K ,

K ,

K ,

1
Li

Mg

Si

K

Ca

Ca

Fe

Fe

nes

K

K

K

K

K

K

K

preset= Off
Elapsed= 1£ sees

, Mg K

Quantex)
0.OOO Range= 1O.£3O keV 10.O7O

Integral 8 = 638



13-ftpi—1932 09:40:14
Execution time = 7 seconds
£414£,SW4-4,B,#Q$,RS preset= Off
Vert = 500 counts Disp= 1 Elapsed= 1£ sees

Energy Counts X-Ray Lines

l.£5 1604. Mg K , Mg K , Mg K

1.74 5700. Si K , Si K

3. 33 80. K K , K K

3.69 1547. Ca K , Ca K

4.04 181. Sc K , Ca K , Ca K

4. 45 43. Sc K , Sc K

6.4O 45£. Fe K , Fe K

Quantex>
0.000 Range= 10. £30 keV 10.O7O

Integral 8 = 844



13-ftpr-1992 09:58:11
Execution time = 7 seconds
2142,SW4-4.B,ttlO, RS
Vert = 50O counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= 45 sees

1

1

3

4

6

. 26

.74

.70

.03

. 39

1510

5012

1323

137

383

Quant ex >
0. 000

Mg

Si

Ca

Ca

Fe

Range=

13-Plpr-1992 09:59:32
Execution time = 6
2142, SW4-4. B, tt2O, RS
Vert= 50O counts

Energy Counts

1

1

3

3

.25

. 74

. 30

.70

4.03

6. 41

1236

3991

86

997

108

344

Mg

Si

K

Ca

Ca

Fe

K ,

K ,

K ,

K ,

K ,

10.

Mg

Si

Ca

Ca

Fe

23O

K ,

K

K

K

K

keV

seconds

Disp= 1
X-Ray Lines

K ,

K ,

K ,

K ,

K ,

K ,

Mg

Si

K

Ca

Ca

Fe

K ,

K

K

K

K

K

10. 070
Integral 8 =

Preset= Off
Elapsed=

720

!1 sees

Quantex>
0. OOO Range= 10.230 keV

13-ftpr-1992 10:05:38
Execution time = 1 seconds
91T019-3,B, F2-3, #2, EG
Vert = 500 counts Disp= 1
Quantex)ID/flU/PR

10.070
Integral 8 = 597

Preset= Off
Elapsed= 34 sees



13-ftpr-199£ 10:11:03
Execution time = & seconds
£414£,SW4-4, B, tt£5, RS
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

l.£5 1247. Mg K , Mg K , Mg K

1.74 5241. Si K , Si K

3.68 1087. Ca K , Ca K

6.40 712. Fe K , Fe K

Preset= Off
Elapsed=

Quant ex>
0. 000 Range- 10.£30 keV

13-Api—199£ 10:12:11
Execution time = 6 seconds
£414£,SW4-4,B,#35,RS
Vert = 500 counts Disp= 1

Energy Counts X—Ray Lines

10.070
Integral 8 =

Preset= Off
Elapsed=

701

£6 sees

l.£6

1. 73

3. 30

3. 69

6. 40

7. 06

587.

£441.

76.

488.

367.

73.

Mg K , Mg K , Mg K

Si K , Si K

K K , K K

Ca K , Ca K

Fe KFe K

Fe K Fe K

Quantex>
0.000 Range= 10.£30 keV 10.070

Integral 8 = 346
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13-flpr-199£ 13:58:40
Execution time = 6 seconds
£414£-SW4-4,C,*K>1, SO Preset= Off
Vert = £00 counts Disp= 1 Elapsed= £8 sees

Energy Counts X-Ray Lines

l.£5 £370. Mg K , Mg K , Mg K

1.74 7478. Si K , Si K

3.31 157. K K , K K

3.S9 19£1. Ca K , Ca K

S.40 488. Fe K , Fe K

Quantex)
0.000 Range= 10.£30 keV 1O.O70

Integral 8 = 113c



13-flpr-133£ 14:£2:47
Execution time = 6 seconds
£414£-SW4-4, C, ttO£, Sft
Vert = £OO counts Disp= 1

Energy Counts X-Ray Lines

1.

1.

3.

4.

6.

£4

74

70

05

41
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i=!i.-5S.
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K

K

K

K

Preset= Off
Elapsed= 14 sees

Ca K Ca K

Quantex>
0. OOO Range= 10.230 keV

13-flpr-139£ 14:£3:£5
Execution time = 6 seconds
£414£-SW4-4, C, #03, Sft
Vert= £OO counts Disp= 1

Energy Counts X~Ray Lines

10.070
Integral 8 = 3O9

1. £5

1.74

3. £9
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Preset= Off
Elapsed=

Quantex>
0. OOO Range= 10.£30 keV

13-ftpr-199£ 14:£4:CU-
Execution time =>^ _£—seconds
£414£-SW4-'
Vert =

10.070
Integral 8 =

Preset= Off
Elapsed=

433

£1 sees
Energy

1.S5

1. 74 s

3. 70

4. 03

Counts

961.

<3194.

773.

1O4.

/̂ R̂ay

~-m K;? ,

si(n ,

Ca K ,

Ca K ,

L i nes

Mg K

Si K

Ca K

Ca K

-̂

, Mg K



&. £68. Fe K , Fe K

Quantex>
0. 000 Range= 10.£30 keV

13-ttpr-199£ 14:24:14
Execution time = 6 seconds
£414£-SW4-4, C, ttOfy Sft
Vert = £00 counts Disp= 1

Energy Counts X-Ray Line

10. 070

1.

1.

3.

4.

6.

£5

74

70

03

4£

961.

3194.

773.

104.

£68.

Mg

Si

Ca

Ca

Fe

K

K

K

K

K

, Mg

, Si

, Ca

, Ca

, Fe

K

K

K

K

K

Integral 3 =

Preset= Off
Elapsed=

4£9

£1 sees

Mg K

Quantex)
0. 000 Range= 10.£3O keV

13-flpr-199£ 14:£4:51
Execution time = 7 seconds
£414£-SW4-4, C, #05, Sfi
Vert = £OO counts Disp= 1

Energy Counts X-Ray Lines

Si K

Ca K

1O. 070

1.

1.

3.

4.

6.

£5

74

69

04

38

851.

£552.

671.

75.

£33.

Mg

Si

Ca

Sc

Fe

K

K

K

K

K

1

<

1

»

1

Integral S =

Ca K , Ca K

Preset= Off
Elapsed=

4£9

19 sees

Quantex>
0. 000 Range= 10.£30 keV 10.070

Integral 8 = 397



5-ftpr-139£ 14:27:54
;ion time = 7 seconds

£414£-"sPT̂ ~4̂ ĵ l5, Sft
Vert = £00 crotnrtts,̂  Disp= 1
Quantex)ID/OU/TY

Preset= Off
Elapsed= 41 sees

O. 000 Range= 10.£30 keV

13-ftpr-199£ 14:£8:15
Execution time = 6 seconds
£414£-SW4-4,C,#15, SA
Vert= £00 counts Disp= 1

Energy Counts X-Ray Lines

10.07O
Integral 8 =

Preset= Off
Elapsed= 41 sees

1. £6

1.74

3.69

6. 4O

790.

£854.

615.

£O8.

Mg K , Mg K , Mg K

Si K , Si K.

Ca K

Fe K

Ca K

Fe K

Quantex)
0. OOO Range= 10.£30 keV 1O.070

Integral 8 = 351



13-ftpr-199£ 14:32:28
Execution time = 7 seconds
£414£-SW4-4,C,tt£5, Sft
Vert = 1000 counts Disp= 1

Energy Counts X-Ray Lines

1. £5

1. 74

3. 3O

3. 69

4. 03

6. 39

7. 05

Quantex>
0. OOO

Fe K , Fe K

Fe K , Fe K

Preset= Off
ElaDsed= 57 sees

1591. Mg K , Mg K , Mg K

6351. Si K , Si K

£45. K K , K K

1101. Ca K , Ca K

108. Ca K , Ca K

95O.

14£.

Range= 10.£30 keV 10. 070

13-0pr-199£ 14:39:11
Execution time = 6 seconds
£414£-SW4-4,C,#41,Sft
Vert= 1000 counts Disp= 1

Energy Counts X-Ray Lines

Integral 8 =

Preset= Off
Elaosed=

954

3O sees

1. £5

1.74

3. 31

3. 68

6. 40

7. O5

583.

£751.

103.

314.

566.

no.

Mg K , Mg K , Mg K

Si K , Si K

K K , K K

Ca K , Ca K

Fe K , Fe K

Fe K , Fe K

Quantex>
0. OOO Range= 10.£30 keV 10.070

Integral 8 = 375



13-ftpr-1992 14:47:22
Execution time = 7 seconds
2414S-SW4-4,C,#47,Sft Preset= Off
Vert = 10OO counts Disp= 1 Elapsed= 16 sees

Energy Counts X-Ray Lines

1.26 8O3. Mg K , Mg K , Mg K

1.74 £886. Si K , Si K

3.34 162. K K , K K

3.69 767. Ca K , Ca K

4. 03 79. Ca K , Ca K

6.40 £72. Fe K , Fe K

Quantex>
O.000 Range= 10.230 keV 1O.O7O

Integral 3 = 651



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM - Tubular Morphology not sufficiently characteristic
for classification as Chrysotile

CM - Characteristic Chrysotile Morphology

CD - Chrysotile SAED pattern

CQ - Chrysotile composition by Quantitative EDXA

CMQ - Chrysotile Morphology and composition by
Quantitative EDXA

CDQ - Chrysotile SAED pattern and composition by
Quantitative EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientation SAED ^shows layer
pattern of 0.53 nn spacing)

*
AX - Amphibole by qua l i ta t ive EDXA. Spectrum has elemental

components consis tent with amphibole

ADX - Amphibole by rancom orientation SAED and Qual i tat ive
EDXA

AQ - Amphibole by Quant i tat ive EDXA

AZ - Amphibole by one Zone Ax is SAED

ADQ - Amphibole by random orientation SAED and Quantitat ive
EDXA.

AZQ • A/nphibole by one Zone Ax i s SAED pattern and Quantitative
EDXA

AZZ - Amphibole by two Zone Ax is SAED patterns wi tn consistent
inter-axial angle

AZZQ - Amphibole by two Zone A x i s SAED pat terns, cons is tent
inter-oxial ancle and Quant i ta t i ve EDXA

NAM - Non-Asbestos Mineral ?



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

Date Analyzed

BDL'

BDL-

BDL'

4 / 1 3 / 9 2

MFL

MFL

MFL

ug/L

EMS No. 24142 Client SCHAFER&ASSOC.

Sample No. SW 5-4

Fibers (chrysotile)

Fibers > 5 jam in length (chrysotile)

Rbers > 10 |im in length (chrysotile)

Mass, (chrysotile)

More/Less than 5 Fibers
in Sample (chrysotile)

Poission 95% Confidence Interval

Defection Limit

" BDL : Below Detection Limit; MFL: Million Fibers per Liter

Particle Size Distribution ( Chrysotile )

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1,49 1.50 - 1.99 2.00 - 2.49 2.5 - 4.99 5.00 - 9.99 10 & UP

0 0 0 0 Q j) 0 0

LESS

0 to

1.6

5.8 MFL

MFL

Particle Width - Microns

O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 - .49 .50 - .99 1 & UP

0 ^ 0 0 0 0 0 0

Aspect Ratio L/W

0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 - 99 100 - 199 200 & UP

0 Q 0 0 0 0 0 0

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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Olhcr [J

^r^/lc; | ARHRATHRIFS H 7 West Bcllcvuc Orivc/Pasadena CA *)ll«5-25(n /
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TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM - Tubular Morphology not suff ic ient ly characterist ic
for c lass i f i ca t ion as chrysotile

CM - Characterist ic Chrysoti le Morphology

CO - Chrysotile SAED pattern

CQ - Chrysotile composition by Quant i tat ive EDXA

CMQ - Chrysotile Morphology and composit ion by
Quantitat ive EDXA

CDQ - Chrysoti le SAED pattern and composition by
Quant i tat ive EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD • Amphibole by random orientation SAEO !shows layer
pattern of 0.53 nn spacing)

AX - Amphibole by qua l i ta t i ve EDXA. Spectrum has elemental
components cons is tent wi th amphibole

ADX - Amphibole by random orientation SAED and Qual i ta t ive
EDXA

AQ - Amphibole by Quant i tat ive EDXA

AZ - Amphibole by one Zone Ax is SAED

AOQ - Amphibole by random orientation SAED and Quanti tat ive
EDXA

AZQ - Amphibole by one Zone A x i s SAED pattern and Quanti tat ive
EDXA

AZZ • Amphibole by two Zone Ax is SAED patterns with consistent
Inter-axial angle

AZZQ • Amphibole by two Zone Ax is SAED patterns, cons is tent
inter-oxial ancle and Quant i ta t i ve EDXA

NAM • Non-Asbestos Mineral '



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 24142 Client SCHAFER&ASSOC.

Sample No. SW 6-4

Date 4 / 8 / 9 2

Total Asbestos Fibers 770 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 770 •__ MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 270 MFL

Mass (Chrysotile) *BDL ng/L
Mass (amphibole) 1800

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample MORE

Poisson 95% Confidence Interval 620 to 940 MFL

Detection Limit 8.2 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

0 2 8 7 12 65

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24

0 1 1 5 - 1 3 1 0

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9

18 36 21 8 5

.25 & UP

55

50 & UP

6

EM S LABO RATO Rl ES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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7-ftpr-199£ 09: £7: £&
Execution time = 7 seconds

Vert= £00 counts Disp= 1
Energy Counts X-Ray Lines

Mg K , Mg K

Al K , Al K

Si K , Si K

K K , K K

K , Fe K

l.£4

1.47

1.74

3. 3£

6.40

£68.

88.

9 T-<J»C..

£OO.

£44.

preset= Off
Elapsed= 30 sees

Quantex>
0.£40 Range=

7-ftpr-199£ 09:£9:O1

10.£30 keV

6 seconds

10.£3O

Execution time -
£414£,6-4,A,*0£,RS _
Vert = 50O counts Disp- 1

Energy Counts X-Ray Lines

Zn L , Zn L

Mg K , Mg K ,

Si K- , Si K

K K , K K

Ca K , Ca K

Fe K , Fe K

Fe K , Fe K

QUantEo!£40 Rang- 10-£30 keV

0.

1.

1.

3.

3.

6.

7.

98

£6

74

33

68

40

04

65.

989.

4081.

£4£.

359.

515.

78.

Integral 8 =

Mg K

Preset= Off
Elapsed=

168

£3 sees

Integral 8
10.£30

569



7-ftpr-199£ 09:3£:4S
Execution time = 6 seconds
£414£,6-4,A,#03,RS Preset= Off
Vert = 500 counts Disp= 1 Elapsed= 47 sees

Energy Counts X-Ray Lines

1.25 615. Mg K , Mg K , Mg K

1.73 £££5. Si K , Si K

3.69 569. Ca K , Ca K

6.41 189. Fe K , Fe K

Quant ex)
0.£40 Range= 10.£30 keV 10.£3O

Integral 8 = 3£9
7-Apr-199£ 09:34:05

Execution time = 7 seconds
E414£,S-4, A, #04, RS Preset= Off
Vert= 500 counts Disp= 1 Elapsed= £4 sees

Energy Counts X-Ray Lines

Na K , Zn L , Zn L , Zn L ,

, Mg K , Mg K

, Si K

, K K

, Ca K

, Fe K

, Fe K
Quantex>

O. £40 Rarige= 1O. £30 keV 10. £30
Integral 8 = 5£6

1 . OO

1. £5

1. 73

3. 30

3. 69

6.41

7.06

118.

696.

355£.

107.

150.

83£.

117.

Na
Zn

Mg

Si

K

Ca

Fe

Fe

K
L

K

K

K

K

K

K



7-ftpi—199£ 09:56:46
Execution time = 6 seconds
£414£,&-4,ft,#05, RS
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

l.£5 551. Mg K , Mg K , Mg K

1.74 1945. Si K , Si K

3.69 53£. Ca K , Ca K

6.39 134. Fe K , Fe K

Preset= Off
Elapsed= 38 sees

Quantex>
0. £40 Range= 10.£30 keV 10.£3O

7-ftpr-199£ 09:57:4£
Execution time = 6 seconds
£414£,&-4,ft,ttlO, RS
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

l.£6 499. Mg K , Mg K , Mg K

1.74 . 1873. Si K , Si K

3. 69 4£7. Ca K , Ca K

&.41 158. Fe K , Fe K

Integral 8 =

Preset= Off
Elapsed= 34 sees

Quantex>
0. £4O Range= 10.£30 keV 10.£3O

Integral 8 = £88



7-ftpr-199£ 09:58:57
Execution time = 6 seconds
£414£,6-4,ft,tt£0, RS
Vert = £00 counts Disp= i

Energy Counts X-Ray Lines

l.£5 £86. Mg K , Mg K , Mg K

1.75 1092. Si K , Si K

3.69 £6£. Ca K , Ca K

6.40 85. Fe K , Fe K

Preset= Off
Elapsed= 5£ sees

Quantex>
O. £40 Range= 10.£30 keV

7-flpr-199£ 10:OO:O3
Execution time = 6 seconds
£4142,6-4,fl,#30, RS
Vert = £00 counts Disp= 1

Energy Counts X-Ray Lines

.£3O

1. £5

1.74

3.68

6.41

£75. Mg K , Mg K

1067. Si K , Si K

£75. Ca K , Ca K

96. Fe K , Fe K

Integral 8 =

Preset= Off
Elapsed=

154

£5 sees

Mg K

Quantex>
O. £40 Range= 10.£3O keV 10.£30

Integral 8 =
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7-ftpr-199£ 10:£6:£8
Execution time = 6 seconds
£4£4£,SW6-4, 1B,01,FM
Vert = 50O counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= 47 sees

0.

1.

1.

£.

3.

6.

58

£5

74

£8

63

40

436.
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£771.

3£8.

579.

411.

Cr L , Cr L , Cr L , Cr L

Mg K , Mg K , Mq K

Si K , Si K

S K , S K

Ca K , Ca K

Fe K Fe K

Quantex>
O. £4O Range= 10.£3O keV 1C.£3O

Integral 8 = 448

7-flpr-199£ 10:£8:5£
Execution time = 6 seconds
£4£4£, SW6-4, IB, 0^, FM
Vert= 500 counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= 34 sees

1. £6

1. 74

3. 31

3.69

6.39
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71O£.

188.
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Mg K , Mg K , Mg K
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Quantex)
0. £40 Range= 10. £30' keV 10.£30

Integral 8 = 969



a-ftpr-1992 11:32:55
Execution time = 6 seconds
24242,SW6-4, 1B,G4,FM Preset = Off
Vert = 5OO counts Disp= 1 Elapsed= 45 sees

Energy Counts X-Ray Lines

1.25 568. Met K , Mg K , Mg K

1.74 £458. Si K , Si K

3.68 397. Ca K , Ca K

6.39 339. Fe K , Fe K

Quantex>
0.240 Range= 10.230 keV 1O.230

Intearal 8 =



7-flpr-199£ 11:19:51
Execution time = & seconds
£4£4£.SW&-4,IB,OS,FM
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

1.25

1.74

3. 69

6. 39

1239. Mg K , Mg K

4457. Si K , Si K

10£7. Ca K , Ca K

420. Fe K , Fe K

Preset= Off
Elapsed= 40 sees

Mg K

(3uant ex >
0. £40 Range= 10.230 keV 10.23O

Integral 3 = 59O



7-ftpr-199£ 10:41:35
Execution time = 7 seconds
£4£4£,SWS-4,IB,06,FM Preset= Off
Vert = 500 counts Disp= 1 Elapsed= £6 sees

Energy Counts X-Ray Lines

, Mg K , Mg K

, Si K

, K K

, Ca K

, Ca K

, Fe K

. Fe K

Quantex>
0.£40 Ranqe= 10.£3O keV 10.£3O

Integral S = 1019

1.S5

1. 74

3. £9

3.69

4. 03

6. 40

7.O6

1969.

7£S3.

99.

147£.

141.

78£.

1£5.

Mg

Si

K

Ca

Ca

Fe

Fe

K

K

K

K

K

K

K



7-ftpr-199£ 10:54:15
Execution time = 8 seconds
£4£4£,SW6-4, IB, 16, FM
Vert = £00 counts Disp= 1

Energy Counts X-Ray Lines

1.S5 950. Mg K , Mg K , Mg K

1.74 3333. Si K , Si K

3. 69 73£. Ca K , Ca K

6. 40 381. Fe K , Fe K

Preset= Off
Elapsed= 54 sees

Quantex)
0. £40 Range= 10.£30 keV 1C.£30

Integral 8 = 576

7-ftpr-199£ 10:57:49
Execution time = 6 seconds
£4£4£,SW6-4,IB,19,FM
Vert= £OO counts Disp= 1

Energy Counts X-Ray Lines

1.26 678. Mg K , Mg K , Mg K

1.74 3441. Si K , Si K

3. 69 338. Ca K , Ca K

6.40 4£9. Fe K , Fe K

Preset= Off
Elapsed= 45 sees

Quantex>
0. £40 Range= 10.£3O keV 10. £3O

Integral 8 = 451



7-ttpr-199£ 11:05:56
Execution time = 6 seconds
£4£4£,SW6-4, 1B,£5,FM Preset= Off
Vert = 500 counts Disp= 1 Elapsed= 33 sees

Energy Counts X-Ray Lines

l.£5 1180. Mg K , Mg K , Mg K

1.74 4193. Si K , Si K

3.£9 97£. Ca K , Ca K

4.01 91. Ca K , Ca K

6.38 37£. Fe K , Fe K

Quantex)
0.240 Range= 10. £30 keV 1O. £3O

Integral 8 = 545



^"Vl WVL, »

vio Lab no.

Sample No. 1
GRIO

a
{ L__

Sl-ren M^y

C-ucn < MBIOT
^ynifit **JlOI 4 O \}

MBIOT /^ / " ~T

I(JU K.V

|U

Gfid opening Sir

Q-

Sir

E

Dimensions (mm)
Width Length

-A

Fiber Classification

NAM TM CM CD OQ CMQ COQ IF AD AX ADX AO ADO ,AZO AZZ tti

EOS Analysis
Mg Si Ca

/O
£

Fe Id Comments

e c
M- UD (0

^
vx

A-v

v/

.0.
4- I/

J4- (CL
UL
m>- vx

•i

V/

E.
E •*--

OBSE VAT ONS:

Gypsum: D

Oilier C3

VctylJgtaLl

Vcty 1 jghl d

IJjhl ED

Ughl C3

Moderate

MoJcralc Q

Heavy D Vcty Heavy Q

Heavy Q Very Heavy Q

I ARnRATORIFS 117 West Urllcvne Drive /Pa^lcnaCA <H 1(^-2503/818 441



7-ftpr-199£ 10:47:££
Execution time = 6 seconds
£4£4£,SW6-4,1C,03,SA
Vert= 500 counts Disp= 1

Energy Counts X-Ray Lines

0.5£ 1401. 0 K , 0 K , V
V L

Preset= Off
Elapsed= 46 sees

l.£5

1.74

3.69

6. 40

Quantex)
0. £40

839

£51£

488

£45

Mg

Si

Ca

Fe

Range=

7-ftpr-199£ 10: 48: £9
Execution time = 8
£4£4£, SW6-4, 1C, 04, Sft
Vert= 500 counts

Energy Counts X

0.51

1 . 00

1. £5

1.73

3.31

3.69

Quantex)

1553

80

87O

3077

143

516

£78

0
V

Na
Zn

Mg

Si

K

Ca

Fe

K ,

K ,

K ,

K ,

10

Mg

Si

Ca

Fe

.£3

seconds

Disp= 1
-Ray Li

K ,
L

K ,
L

K ,

K ,

K ,

K ,

K ,

0

Na

Mg

Si

K

Ca

Fe

K ,

K

K

K

0 keV

nes

K ,

K ,

K ,

K

K

K

K

10.£30
Integral 8 =

Preset= Off
Elapsed=

4£4

55 sees

Zn L

Mg K

Zn L Zn L

0. £4O Range= 10.230 keV 10. £30
Integral 8 707



7-ftpr-199£ 10:49:48
Execution time = 6 seconds
£4£4£,SW6-4,1C,05,Sft preset= Off
Vert = 500 counts Disp= 1 Elapsed= 34 sees

Energy Counts X-Ray Lines

0.51 831. O K , O K , V L , V L , V L ,
V L

l.£5 531. Mg K , Mg K , Mg K

1.74 1597. Si K , Si K

3. 69 4£7. Ca K , Ca K

6.39 £49. Fe K , Fe K

Quantex>
O.£40 Range= 10.£30 keV 1O.£30

Integral 8 = 305



ENEFiGY COUNTS

07-Apr-199& 10:51:02

X-RAY LINES

£4£4£,SW6-4, 1C, 15, SA

0.52 2089. 0 KA1, 0 KA£, V LAI, V LA2, V LSI, V LSI

I.£5 1533. Mg KA1, Mg KA£, Mg KB1

1.73 A433. Si KA1, Si KA2

3.23 77. K KA1, K KA£

3.68 1115. Ca Kftl, Ca KA2

4.00 100. Ca KB1, Ca KB3

5.91 89. Mn KA1, Mn KA2

6.39 379. Fe KA1, Fe KA£



7-Plpr-199£ 10:45:££
Execution time = 5 seconds
£4£4£, SW6-4, 1C, 01,Sft
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

0.51 857. K K

l.£5

1.73

3. 68

6.37

Quant ex >
O. £40

7-ftpi — 199£
Execution t
£4£4£, SW6-4
Vert= 5

Energy

0.51

1.24

1.73

3.69

6.39

606

1878

3£1

£0£

10:
irne

V

Mg

Si

Ca

Fe

Range=

46 : 08
6

, 1C,0£, SA
00 counts
Counts

9£4

549

1999

304

16£

0
V

Mg

Si

Ca

Fe

L

K ,

K ,

K ,

K ,

10.

Mg K ,

Si K

Ca K

Fe K

£30 keV

seconds

Disp=
X-Ray

K ,
L

K ,

K ,

K ,

K ,

1
Lines

0 K ,

Mg K

Si K

Ca K

Fe K

Mg K

preset= Off
Elapsed= 59 sees

1C. £30
Integral 8 5

Preset= Off
Elapsed= 3£ sees

L , V L , V L ,

Quantex)
0. £40 Range= 10.£3O keV

Integral 8 =
10.23O

334



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TH - Tubular Morphology not suf f ic ient ly characterist ic
for c lass i f i ca t i on as chrysoti le

CM - Characterist ic Chrysoti le Morphology

CD - Chrysotile SAED pattern

CQ - Chrysotile composit ion by Quant i tat ive EDXA

CMQ - Chrysoti le Morphology and composition by
Quanti tat ive EDXA

COQ - Chrysotile SAED pattern and composit ion by
Quant i tat ive EDXA

NAM • Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AO - Amphibole by random orientation SAED !shows layer
pattern of 0.53 nn spacing)

*

AX • Amphibole by qua l i ta t ive EDXA. Spectrum has elemental
components consistent with amphibole

ADX - Amphibole by random orientation SAED and Qual i ta t ive
EDXA

AQ - Amphibole by Quant i tat ive EDXA

AZ - Amphibole by one Zone Ax is SAED

ADQ - Amphibole by random orientation SAED and Quant i tat ive
EDXA

AZQ - Amphibole by one Zone Ax i s SAED pattern and Quantitative
EDXA

AZZ • Amphibole by two Zone Ax i s SAED patterns witn cons is tent
inter-axial angle

AZZQ - Amphibole by two Zone A x i s SAED patterns, consistent
inter-oxial ancle and Quant i ta t ive EDXA

NAM - Non-AsDestos Mineral J



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 24142 Client SCHAFER&ASSOC.

Sample No. SW 7-4

Date 4 / 9 / 9 2

Total Asbestos Fibers 100 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 100 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 3_4 MFL

Mass (Chrysotile) *BDL ng/L
Mass (amphibole) 180 ng/L

More/Less than 5 Chrysotile
Fibers in Sample LESS
More/Less than 5 Amphibole
Fibers in Sample MORE

Poisson 95% Confidence Interval 83 to 1 20 MFL

Detection Limit 1 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49

0 4 10

Particle Width -
O - .04 .05 - .09 .1 - .14

0 2 14 ;

Aspect Ratio
0 - 9 . 9 1 0 - 1 9 . 9 20 - 29.9

26 34 26

1.50 - 1.99 2.00 - 2.49

5 9

Microns
.15 - .19 .2 - .24

22 15

L/w
30 - 39.9 40 - 49.9

4 5

2.5 & UP

73

.25 & UP

48

50 & UP

6

EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406.'
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FILTER TYlt/AM cA (mm2)

*ICE/»j
MOV9«o
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METIIOOOF ANALYSIS

DIRECT PttFT
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Air
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Sir *
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2_

lo

f*

34

Sir

f

Dimensions (mm)
Width

a,

OBSERVATIONS:

Length

JUO

Wo

Fiber Classification
NAM TM CM CD CDO IF AD AX ADX AO ADO

I—

L-

IX

AZQ AZ2 Na

EDS Analysts

**? SI

/u

10

p

/o

Ca

Cloo
Ddxis:

Gypsanc
OArrl'l

Id

L ^dHh^
Commants

££

n-

fel

v\ — I

Voy Light ID !̂ k3 Heavy LJ Voy Heavy LJ
Mo-fctifc D Heavy D VoyHeavy IJ



08-flpr-199£ 11:44:45 £4£4£, 3W7-4, Ifl, Ol, Sfl

ENE:RGY COUNTS X-ROY LINES

0.51 5136. 0 Kftl, 0 Kft£, V Lftl, V Lft£, V LB1, V LG1

l.OS 3£0. Na Kftl, Na Kfl£, Na KB1, Zn Lftl, Zn Lfl£, Zn LSI,
Zn LG1

l.£5

1.74

3. 31

3. 69

4. 04

4.49

5. 89

6. 39

7. 02

3639. Mg

10625. Si

547. K

1£11. Ca

141. 3c

143. Ti

96. Mn

1343. Fe

176. Fe
8-fipr-199£

Execution t
£4£4£, SW7-4

Kftl,

Kftl,

Kfll,

Kftl,

Kft£,

Kftl,

Kftl,

Kftl,

KB1,
11 :46

i me =
, lft,0£

Mg Kft£, Mg KB1

Si Kft£

K Kft£

Ca Kft£

Ca KB1, Ca KB3

Ti Kft£, Sc KB1,

Mn Kft£

Fe Kft£

Fe KB3
: 13

8 seconds
, Sft

Vert= 500 counts Disp= 1
Energy

0. 51

1. £5

1.73

3.69

6. 4O

Counts

11Q5.

798.

£5£0.

514.

£7£.

X-Ray Lines

O K , Q K
V L

Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Preset= Off
Elapsed= 30 sees

Quantex)
0. £4O Range= 10.230 keV 1O.£30

Integral 8 = 65O



8-flpr-199£ 11:47:37
Execution time = 6 seconds
£4£4£,SW7-4,1ft,O3,Sft Preset= Off
Vert= 5OO counts Disp= 1 Elapsed= 38 sees

Energy Counts X-Ray Lines

0.51

l.£6

1.74

3. 68

6.39

Quant ex >
0. £40

8-Apr-199£
Execution t
£4£4£, SW7-4

659

395

151£

305

0
V

Mg

Si

Ca

165. Fe

11 :
inie
, 1ft,

Range=

49 : 09
6

04, Sfl
Vert= 5OO counts

Energy

0.51

1.E5

1.73

3. 3£

3. 68

4.0£

6. 39
Quantex)

O. £4O

Counts

1496

1114

3303

97

597

78

£54

0
V

Mg

Si

K

Ca

Ca

Fe

Range=

K ,
L

K ,

K ,

K ,

K ,

10.

0

Mg

Si

Ca

Fe

£3

K

K

K

K

K

0

i

,

keV

seconds

Disp=
X-Ray

K ,
L

K ,

K ,

K ,

K ,

K ,

K ,

10.

1
Lines

0

Mg

Si

K

Ca

Ca

Fe

£3

K

K

K

K

K

K

K

O

,

»

keV

Mq K

10. £30
Integral 8 = £51

Preset= Off
Elapsed= £7 sees

L

Mg K

10. £30
Integral 8 = 669



8-ftpr-139£ 11:50:16
Execution time = 6 seconds
£4£4£, SW7-4, 1ft, O5, Sfl preset= Off
Vert = 50O counts Disp= 1 Elapsed= £1 sees

Energy Counts X-Ray Lines

0. 5£ 1063. O K , O K , V L , V L . V L ,
V L

1.01 173. Na K , Na K , Zn L , Zn L , Zn L ,
Zn L

Mg K1.

1.

3.

6.

,nt

£5

74

68

33

ex)
O.

789

£351

374

367

55
£40

Mg

Si

Ca

Fe

Zn
Range==

K

K

K

K

K

, MB

, Si

, Ca

, Fe

, Zr,
10. £3

K ,

K

K

K

K
0 keV 10.£30

Inteqral 3 = 446



8-flpr-199£ 13sO4:O7
Execution time = 6 seconds
£4£4£,SW7-4, Ifl, 15, Sft Preset= Off
Vert = £OO counts Disp= 1 Elapsed= 39 sees

Energy Counts X-Ray Lines

0.51 1105. O K , O K , V L , V L , V L ,
V L

l.£5 67G. Mg K , Mg K , Mg K

1.73 £434. Si K , Si K

3.31 1£0. K K , K K

3. 69 368. Ca K , Ca K

6.33 £96. Fe K , Fe K

Quant ex>
<-)„ 44O Range= 10. £30 keV 10. £3O

Integral 3 = 409



.
I l̂  JH_»

S Lub No.

iple No.

MICROSCxSpt

6HOA

•q,ai±r 4 a
a«i.i A<i<iicvi !
Screen MupiifitMlion

Ointcfa OmMam

mum | |

IIUIH-Q

up Voltage 100 K.V

Beam C'luicul \ *-s

Aiulysl .. DJIC

Grid opening Sir * S»r
Dimensions (mm)
Width Length

Fiber Classification
NAM TM CM CD CO CMQ COO LF AD AX ADX AQ ADO AZQ AZZ Na Mg Si Ca Fe Id

EDS Analysis
Comments

&l
7.

0
V 10. 2,or £ V

ID.
V

£L &
&

^
£

IT J^
Id

I

"OBSER ONS: Clean L_l

Debris:

Ciypsiiiu: I I

Other D

Very l.iglil LJ IJglu CH

Very Light CD 1-iglii CD

Mixleraie

MtMlcralc I I

Heavy D

Heavy Q

Very Heavy | |

Very Heavy | I

crr\ /ic I ATHRIFR I 17 West KHIcvue Drive / Pusaclcna CA 91 IOS-2.W / 818-441 2391



bivi A^oLiS i O
IS Lab No.

uple No.
O 3D

MICROSCOPE

6CKIAJ I

cimiR | |

Screen Magnification x

Camera Omslanl

Accelerating Voltage 100 KV

Hcain Cunciil . |u

Analyst

IH.H2.SEri

Dale.

Grid opening Str # Sir
Dimensions (mm

Width Length
Fiber Classification

NAM TM CM CD GQ CMD CDQ LF AD AX ADX AQ ADQ AZQ AZZ Na
EDS Analysis

Si Ca Fe Id Comments
V J&

I/
e IX

m
t/

I/
is.(t <co

I/

^L LS£
t/ .«_>~

ffl
H EL a

I/

I/

Js.L/

L&& I/

Clean Tj

IX-hris: (Hi

Oypsmii: LJ

Oilier (U

OBSERVATONS: _
Very l.ighl 1— 1

Very l.ighl d

l.iglil LJ

l-ighl tZl

M<xlcralc LJ

Modciatc dl

Heavy LJ Very Heavy Q

Heavy Q Vcty Heavy Q

II7 West HHlevuc Drive / P;is-;idcnn CA °l |»5-2.S(H /8I8-44I-21Q1



t*.
> Lab No. J

ipie INO.

J3 /.JM/.L

noni

"""•a 4 a
Cliitl Aikhcvt

Screen Magnification .

Volume 100 KV

Hvam C'nrrciil |u

«XIA a
IIUIH-I

Analyst Dale.

Grid opening

u

OBSE

Str #

(l̂ ,

V0

Str
f-I
{_L

Dimensions (mm)
Width
U

&\r

"

Length

^r
'

Fiber Classification
NAM

V"

-

TM

-

CM CD 00 CMQ CDQ

•

UF AD AX ADX AQ
l"-

ADQ A2Q AZ2

IVATONS: clean LJ _
Debris: O Very Liplil LJ Light D Moderate il Heavy LJ

Gypsum: LJ Very Lighl CH Light f~l Motlcrulc 1 1 Heavy 1 1 •

Olbcr tU

EDS Analysis
Nb Mg Si Ca Fe Id

Very Heavy | |

Very Heavy II

i

Comments

1

F^/IR I ARHRATDRIFS 117 Wcsl Rcllcviic Drive /Pasadena CA QII()S-2S(n / 818-441-2W



S-ftpr-199£ 11:57:16
Execution time = & seconds
£4£4£, SW7-4, IB, Ol, FM
Vert = 5OO counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= sees

1. £5

1.74

3. 69

6. 40

7. 04

1058.

3787.

650.

667.

1£5.

Mg K , Mg K , Mg K

Si K , Si K

Ca K , Ca K

Fe K , Fe K

Fe K , Fe K

Quantex>
0. £4O Range= 10.£30 keV

8-flpr-199£ 11:53:01
Execution time = 10 seconds
£4£4£, SW7-4, IB, O£, FM
Vert= £00 counts Disp= 1

Energy Counts X-Ray Lines

. £3O
Integral 8 =

Preset= Off
Elapsed=

539

43 sees

l.£5 578. Mg K , Mg K , Mg K

1.74 £O07. Si K , Si K

3. £9 476. Ca K , Ca K

6. 41 134. Fe K , Fe K

Quantex>
0. £4O Range= 10. £30- keV 10. £30

Integral 8 = 30O



S-flpr-1992 12:00:29
Execution time = 6 seconds
24242,SW7-4,IB,03,FM
Vert = 50O counts Disp= 1

Energy Counts X-Ray Lines

1.

1.

3.

3.

4.

6.

25

74

33

69

O4

40

1388.

5325.

136.

1224.

95.

608.

Mg K

Si K

K K

Ca K

Sc K

Fe K

, Mg K , Mg K

, Si K

, K K

, Ca K

, Ca K , Ca K

, Fe K

Preset= Off
Elapsed= 36 sees

Quantex)
0. 240 Range= 10.230 keV 1O. 23O

Integral 8 = 820

8-ftpr-1992 12:O2:09
Execution time = 6 seconds
24242,SW7-4,IB,O4,FM
Vert = 200 counts Disp= 1

Energy Counts X-Ray Lines

1.24 634. Mg K. , Mg K

1.74 1988. Si K , Si K

3.69 45£. Ca K , Ca K

6.38 199. Fe K , Fe K

Preset= Off
Elapsed= 41 sees

Quantex)
O. 240 Range= 10.230 keV 1O.230

Integral 8 = 3O4



a-flpr-1992 12:05:31
Execution time = 7 seconds
£4£4£,SW7-4, IB,OS,FM
Vert = £00 counts Disp= 1

Energy Counts X-Ray Lines

1. £5

1.74

3. 3£

3.63

6.40

934.

3608.

165.

645.

509.

Mg

Si

K

Ca

Fe

K

K

K

K

K

Preset= Off
Elapsed= 40 sees

, Mg K , Mg K

, Si K

, K K

, Ca K

, Fe K

Quantex>
0. £40 Range= 10.£3O keV 1O.£30

Integral 8 =

a-ftpr-199£ 1£:13:13
Execution time = 6 seconds
£4£4£, SW7-4, IB, 15, FM
Vert= £00 counts Disp= 1

Energy Counts X-Ray Lines

l.£6

1.74

3. 3£

3. 7O

6.39

1£61.

5030.

£O7.

5O3.

876.

Preset= Off
Elapsed= 6£ sees

Mg K , Mg K , Mg K

Si K , Si K

K K K K

Ca K , Ca K

Fe K , Fe K

Quantex)
0. 440 Range= . £3O 10. £30

Integral & = 633



S-ftpr-199£ 1£:£1:£7
Execution time = 7 seconds
£4£4£, SW7-4, IB, £5, FM
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

Preset= Off
Elapsed= 4O sees

1.

1.

3.

6.

7.

£5

74

69

39

06

1398.

5165.

11

7

1

08.

33.

16.

Mg

Si

Ca

Fe

Fe

K

K

K

K

K

, Mq

, Si

, Ca

, Fe

, Fe

K , Mg K

K

K

K

K

Quant ex>
O.440 Range= 10.£30 keV .£3O

Integral 8 = 71£

S-Api—199£ 12:35:10
Execution time = 5 seconds
£4242,SW7-4,IB,35,FM
Vert= £00 counts Disp= 1

Energy Counts X-Ray Lines

l.£5 336. Mg K , Mg K , Mg K

1.73 1£53. Si K , Si K

3.66 £05. Ca K , Ca K

6.41 164. Fe K , Fe K

Preset= Off
Elapsed= 57 sees

Quantex>
O.44O Range* 10.£30 keV 1O. £30

Integral 8 =



8-flpr-199£ 1£:46:59
Execution time = & seconds
£4£4£,SW7-4, IB, 45, FM Preset= Off
Vert= £00 counts Disp= 1 Elapsed= 39 sees

Energy Counts X-Ray Lines

!.£& 499. Mg K , Mg K , Mg K

1.74 £156. Si K , Si K

3. 63 £48. Ca K , Ca K

6.39 350. Fe K , Fe K

Quantex>
O.440 Range= 10.£30 keV 10.£3O

Integral 3 = £88



IIMS Lab No.
I k 1 ~ • "V«_J

r.1^. Kl» c. I
Ml

GRID

2IZI

GtiJ AAUcu
>
/

n f *9 -»CA

AttvlrrMiut V.*>JK .100 KV

Grid £peninc) su *

^

~5-

Sti
Dimensions (mm)

Lttiujlh

f 00

Fiber Classification

NAM TM CM CO CD CMQ COQ IT AD AX ADX AQ ADO AZQ AZZ Na Mg

EOS Analysis

Si Ca

/CO

(L£3

/£

r« id Comments

If

7 \i

-Ck if

ji.

/f

15BSE ORS: 'Clen,, LI

IX-tuix: CD

,:D

<>iitcr rn

Very Light D

Very Ughl D

IJghi

Ijghl CU

Moderate

MoJcralc

Heavy

Heavy

Very Heavy

Very Heavy Q

R I ARHRATORIFS H7 Wcsi HcHcvue Drive / P;is-.idcna CA 18-44!



:MS Lab No.

iample No.

>\IM
J- MK

GRID

id jC3
20 ^ a

uuut

r-
Screen .U J(««

("lima C'orJ^nl i /

|OO KV

|U

Grid opening

^—

1

OBSE

Str «

2-C"
•"7 Li*
/_JO

-7 ^Z
î̂ *5

<£^
1

<VAT

Str

1̂

Dimensions (mm)

Width

/ f$
<y

^
>•

~7

Length

PL-TC^

7t̂ >
yd
<%o
2SZ2>

ONS: Ciena jj

IX-twi.t: CD

Oypsuni: 11

Fiber Classification

NAM

.

TM CM CO CO CMC) COO

'•

IF AD AX AOX AQ
NX

\s
.J*
./
\/

ATX) A2Q AZZ

EDS Analysis

tta Mg Si Ca Fe Id Comments

Tv^/^o 0 ̂ r
I/1

r

/

Very Lî hl LJ 1 jghl D Mixlcralc iQ Heavy CJ Very Heavy O

Very IJgrrt 1 1 l-»gh« D Moderate D Heavy \~\ Very Heavy Q

FIV/IF; I ARORATORfES 117 West BHIcvuc Drive / Pasadena CA *»M«S-25(n /RI8-44I



9-flpr-199£ 09:£1:£9
Execution time = 7 seconds
£414£,8-4,C.ttOl,RS Preset= Off
Vert= 500 counts Disp= 1 Elapsed= £5 sees

Energy Counts X-Ray Lines

1.01 62. Na K , Na K , Zn L , Zn L , Zn L
Zn L

l.£6 605. Mg K , Mq K , Mg K

1.75 3£55. Si K , Si K

3.31 181. K K , K K

3. 7O 140. Ca K , Ca K

6. 41 674. Fe K , Fe K

Quantex>
0.1£O Range= 10.£30 keV 1O.£30

Integral 8 = 5£6
9-ftpi—199£ 09:££:£0

Execution time = 6 seconds
£414£,8-4,C.ttO£,RS Preset= Off
Vert = 500 counts Disp= 1 Elapsed= £4 sees

Energy Counts X-Ray Lines

Si K

K K

Ca K

V K

Fe K

Fe K
j

Quantex>
0.120 Range= 10.£3O keV 10.£30

Integral 8 = 5O5

1.

1.

3.

3.

4.

6.

7.

£6

74

3£

69

98

4O

06

78£.

4O1£.

19£.

144.

65.

9£1.

144.

Mg

Si

K

Ca

V

Fe

Fe

K

K

K

K

K

K

K

)

*

i

?

i

?

i



09-flpr-199£ 03:£3:£9 £414£,8-4, C. #03, RS

ENERGY COUNTS X-RflY LINES

1 . OO

l.£5

1. 74

2. 34

3. 68

4.96

6. 39

7.04

71

1011

4437

137

167

73

980

127

•

•

•

•

•

•

•

.

Na

Mg

Si

K

Ca

V

Fe

Fe
9-ftpr-199£

Execution
£414£
Vert =

,8-4
t
.c
5

Energy

1.

1.

3.

6.

£5

74

7O

39

Kftl

Kftl

Kftl

Kfll

Kfll

Kfll

Kfll

KB1
09:

irne
. #04

, Na

• Mq

, Si

. K

, Ca

, v

, Fe

, Fe

Kfl

Kfl

£, Zn Lftl,

£, Mg KB1

KA£

Kfi£

Kfl£

Kft£

KA

KB

c.

3
£5 : 3£
=
, RS

00 count
Counts

347

137£

189

187

•

•

•

m

8

s

seconds

Disp= 1
X-Ray Lines

Mg

Si

Ca

Fe

K , Mg K

K , Si K

K , Ca K

K , Fe K

Preset= Off
Elapsed= sees

Quantex>
0. 1£0 Range= . £3O 10.£3O

Integral 8 = £9£



9-flpi—1992 09:34:35
JExecut ion time = 6 seconds
~£414£,S-4,C.ttlO, RS Preset= Off
Vert = £00 counts Disp= 1 Elapsed= £2 sees

Energy Counts X-Ray Lines

1.25 601. Mg K , Mg K , Mg K

1.74 £154. Si K , Si K

3.31 7£. K K , K K

3.7O 445. Ca K , Ca K

5. 41 61. Cr K , Cr K

6.40 £74. Fe K , Fe K

Quantex>
O.1£0 Range= 10.£30 keV 10.£30

Integral 8 = 335



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM - Tubular Morphology not suf f ic ient ly characterist ic
for c lass i f i ca t i on as chrysotile

CM • Characterist ic Chrysoti le Morphology

CD - Chrysotile SAED pattern

CQ - Chrysotile composition by Quant i tat ive EDXA

CMQ - Chrysoti le Morphology and composition by
Quantitat ive EDXA

COQ • Chrysotile SAED patterr. and composit ion by
Quanti tat ive EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientation SAED '.shows layer
pattern of 0.53 nn spac ing)

AX - Amphibole by qua l i ta t i ve EDXA. Spectrum has elemental
components cons is tent with amphibole

ADX - Amphibole by random orientation SAED and Qual i tat ive
EDXA

AQ - Amphibole by Quantitative EDXA

AZ - Amphibole by one Zone Ax is SAED

ADQ - Amphibole by random orientation SAED and Quantitat ive
EDXA

AZQ - Amphibole by one Zone Ax is SAED pattern and Quantitat ive
EDXA

AZZ • Amphibole by two Zone Ax is SAED patterns witn consistent
Inter-axial angle

AZZQ • Amphibole by two Zone Ax i s SAED patterns, consis tent
inter-axial ancle and Quant i ta t ive EDXA

NAM - Non-Asbestos Mineral »



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 24142 Client SCHAFER&ASSOC.
v

Sample No. SW 8-4

Date 4 / 9 / 9 2

Total Asbestos Fibers 81 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers §J MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 30 MFL

Mass (Chrysotile) _ *BDL
Mass (amphibole) _ 270 _ ng/L

More/Less than 5 Chrysotile
Fibers in Sample _ LESS _ .
More/Less than 5 Amphibole
Fibers in Sample _ MOFE _

Poisson 95% Confidence Interval 66 to 99 MFL

Detection Limit 0.8 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length • Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

0 5 11 2 13 68

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 & UP

0 7 16 ' 11 15 50

Aspect Ratio L/w
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

23 35 20 1 0 3 8

2) EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065



AIN ALi FILTER TYPE/AREA (mm7)

MQV96ol I
MCE/960ampe No.

TYTEOFSAMPIf fORESCK

O.43 p~
METHOD OF ANALYSIS

Modcme LJ

ModcmeG

Voy Heavy G

_
OcMcG

GypjomrQ



i — /i /-_
IMS Lab No. 2*-)

sun*

>ampie No.
O . ./

- GRID

•a 3 a
64KIR |_J

IIUHtf~~1

l I

Oi i<l Atklicss

Sc'fcvn M;i£iiirK.'iilMkn ^_

Omtcra C<Hn>lafi1 .^

Actvlmiiiii: Voliipc 100 KV

|u

Aiulyst Dale.

Grid opening

/^-

,

OBSE

Str #

7#

-2^

Tfr

X?
'5&-
-€&>

•̂Jf
-z,fii
^**

fWAT

Sir
Dimensions (mm)

Width

i-\--^
i^-
-*
}~^J£
t-f1 j>
L'4

^

Length

4-2^-

&
^.tv
l&
•2Si^

W
l*r
£>;
17 "̂-rvy

Fiber Classification

NAM

/

.

TM
/-'

CM CD OQ CMQ CDQ
'

",

LF AD

x'

/

Ŝ'

S
s
s

AX ADX AQ

^

ADO

/

AZQ A22

ONS: acn,,|_| _
Dchiis: CH Very Light LJ l.ighl D Mtnlcraie D Heavy D

Gypsum: C3 Very Light D Light D Moderate D Heavy Q

Other D

EDS Analysis

Ma MR

3

Si

/O

Ca

Z

Fe

/

Id

Very Heavy I |

Very Heavy | |

/

Comments

TYV^s .
T4— ' - ' -Jl •
' '/

//

t/

ft

7^^106 Z,

/^

rl

C^ FMR I ARHRATHRIFS 117 West Ucllcvuc Orivc /P;is:n!cna CA <)! KIS /R IR -441



6-ftpr-199£ 1£:09:£0
Execution time = 6 seconds
2414E-SW8,ft,#01,RS pveset= Off
Vert= 500 counts Disp= 1 Elapsed= £5 sees

Energy Counts X-Ray Lines

, Mg K , Mg K

, Si K

, Ca K

, Fe K

, Fe K

1.

1.

3.

6.

7.

£5

74

69

39

07

648.

3£05.

375.

654.

71.

Mq K

Si K

Ca K

Fe K

Fe K

Quantex)
O.£40 Range= 10.£30 keV 1O.£30

Integral 8 = . 4£9



6-ftpr-199£ 1£:15:45
Execution time = 7 seconds
£414£-SW8,ft, #0£, RS Preset= Off
Vert = 500 counts Disp= 1 Elapsed= £5 sees

Energy Counts X-Ray Lines

1.00 134. Na K , Na K , Zn L , Zn L , Zn L ,
Zn L

1.

1.

3.

6.

7.

£4

74

70

40

05

5

47

1£

9£.

1£.

97.

91.

183.

Mg

Si

Ca

F-e

Fe

K

K

K

K

K

t MQ

, Si

, Ca

, Fe

, Fe

K

K

K

K

K

Quantex)
O.£40 Range= 10.230 keV 10. £30

Integral 8 = 636
6-ftpr-199£ 12:17:13

Execution time = & seconds
£414£-SW8,ft,#03,RS Preset= Off
Vert= 500 counts Disp= 1 Elapsed= £7 sees

Energy Counts X-Ray Lines

1.74 £416. Si K , Si K

Quantex)
0.£40 Range= 10.£30 keV 10.£3O

Integral 8 .= 19£



6-Rpr-199£ !£:££:53
Execution time = 7 seconds
£414£-SW8,B,#04,RS Preset= Off
Vert = 500 counts Disp= 1 Elapsed= 16 sees

Energy Counts X-Ray Lines

Mg Kl.£5

1.74 '

£. £7

3. £9

3. 69

4. 05

6. 41

1387.

4891.

5£.

1£7.

839.

65.

488.

Mg K ,

Si K ,

S K ,

K K ,

Ca K ,

Sc K ,

Fe K ,

Quant ex > 85. Fe K ,
0. £40 Range= 10.

6-flpr-.199
Execut ion
£414£-SW8,
Vert =

Energy

1. £5

1. 74

3. £9

3. 68

4. 0£

6. 38

£ 1£:£4:0
t i me =
B, #05, RS
500 count
Counts

1607.

6061.

156.

93£.

85.

68£.

Mg K ,

Si K

S K

K K

Ca K

Sc K

Fe K

Fe K
£30 keV

5
7 seconds

s Disp= 1
X--Ray Lines

Mg K • ,

Si K ,

K K ,

Ca K ,

Ca K ,

Fe K ,

Mg K ,

Si K

K K

Ca K

Ca K

Fe K

Ca K , Ca K

1O.£30
Integral 8 = 710

Preset= Off
Elapsecl= £9 sees

Mg K

Quantex>
0.£40 Range= 10.£30 keV 10.£30

Integral 8 = 8£!



6-ftpr-199£ 1£:38:5£
Execution time = 6 seconds
£414£-SW8,ft,#15,RS Preset= Off
Vert = 500 counts Disp= 1 £lapsed= 19 sees

Energy Counts X-Ray Lines

K1.S5

1. 74

3. 3£

3. 69

4.04

6. 4O

7.09

1596. Mg K ,

56S1. Si K ,

90. K K ,

1063. Ca K ,

149. Sc K ,

741. Fe K ,

70. Fe K ,

Quantex)
0. £40 Range= 10.

6-flpr-199
Execut ion
£414£-SW3,
Vert =

Energy

l.£5

1.74

3. 71

6. 38

Mq K ,

Si K

K K

Ca K

Ca K ,

Fe K

Fe K

£3O keV

£ IS: 41: 39
time = 6 seconds
fl, ttSO, RS
£00 counts Disp= 1
Counts X-Ray Lines

£16. Mg K ,

1091. Si K ,

88. Ca K ,

£16. Fe K ,

Mg K ,

Si K

Ca K

Fe K

Ca K

1O. £3O
Integral 8 = 8£1

Preset= Off
Elapsed= £8 sees

Quantex)
O.SAO Range= 1O.£3O keV 1O.£3O

Integral 8 = 130



6-ftpr-199£ 1£:49:13
Execution time = 7 seconds
£414£-SW8,ft,tt3O, RS Preset= Off
Vert = 1000 counts Disp= 1 Elapsed= 18 sees

Energy Counts X-Ray Lines

, Mg K , Mg K

, Si K

, K K

, Ca K

, Ca K

, Fe K

, Fe K

Quantex>
0.£40 Range= 10.£3O keV 1C.£30

Integral 8 = 1391

l.£5

1.74

3.31

3.69

4. 03

&.39

7. 04

£7&£.

9S&3.

414.

1938.

£21.

918.

1£5.

Mg

Si

K

Ca

Ca

Fe

Fe

K

K

K

K

K

K

K



ILivl A^J
MS Lab No.

ample No. _

2L) MICROSCOPE
/V *< I I

GRID

num-fl
IIUI25E

GIH! Aihlicss

StTccii M:i£iiif

Oinicra C'oiistiuil 2**- I ' 'T*

utit; Voliage 100 KV

|ta

Analyst .. Dale

Grid opening Sir *
Dimensions (mm)

Str Width Length

Fiber Classilication

NAM TM CM CO CO CMQ CDQ UF AD AX ADX AQ ADQ AZQ AZZ Ma_§i_ Ca

EDS Analysis

Fe Id Comments

l£L
^

n

r j^v
^ <L a*

\/

i ^L
i£> 2-

^

44 \/

-L4-
±UL

-LU
j±.

Jt
_^

OBSERVATIONS: *
Dchfis: \CJ Very Light D l-iglu D

Gypsum: I I Very l.ighl C_J l-igh( LJ

Oilier (11 :

M<Klcrale 4-̂ 1 Heavy CJ Very Heavy I I

Q Heavy D Very Heavy D

i ARnRATHRIRS 117 Wcsl Bollcvuc Orivc/Pas.-Klcna CA «JI IOS-2.S(n/8IR-44I-2391
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Lab No.

/x

o^ OPE

GRID

a
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QEj

I IUI IE! I

f id A«kticvc
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S^Q
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•*
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'
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-^£y
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^VAT

Sir

F
f\0
f-

r^-
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J^r-
r
f-
jr

Dimensions (mm)

Width

£1

i "*>

^_
f^£

i^~

Q

-£>
A

^
^2-
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^•/

Length

U^T
"2,%£)

^fyn
i^JLJ

-5 CL]
0 ("^

ftfD
no
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iffEb
£^£J

OL<?

^A

ONS: cicnn 1 1

Fiber Classification

NAM

.

TM CM CD CD CMQ COO

'-

LF AD AX ADX

•V ^>

AQ

,x
vx
X

^^
1̂ ,

Ox'
vx-

^x
\x^i

jX1

,X

\~^

T x

r -^

ADO
•x"

x

^

.

s
**^

•**^

-^

^ ^
x

AZQ AZZ

EOS Analysts

Na Mq Si Ca Fe Id Comments

'^T/PxrjA^ if 1 ]{p~

*1
tC^X ^ 2^?- ̂ \y

^^WYA.
ixi
(4

vl
H

1

^
xl

v^7
//I

v.iciiii i \ j

nchris:j2j Very Liglil LJ

Gypsum: I | Very Light CD

Oilier CD

l.ighl CD MmlcralCyfcj Heavy oLD Very Heavy | |

Mixlcrute CD Heavy Ij Very Heavy I I

FMF; i ARHRATORIFS ii7Wi*sinriicvucnrivc/p:is:i(icn.irA ()nns.2.soi/8i8.44i



6-ftpr-199£ 12:06:53
Execution time = 7 seconds
£414£-SW8,B,ttOl, Sft Preset= Off
Vert = 500 counts Disp= 1 Elapsed^ 39 sees

Energy Counts X-Ray Lines

0.51 1766. 0 K , 0 K , V L , V L , V L ,
V L

1.S5 133£. Mg K , Mq K , Mg K

1.7A 4046. Si K , Si K

3. 63 874. Ca K , Ca K

6. 33 343. Fe K , Fe K

Quantex>
O.£40 Range= 10.£30 keV 1O.£30

Integral 8 = 735



6-Ppr-1992 12:10:46
Execution time = 6 seconds
24142-SW8,B,#02,SP Preset= Off
Vert= 500 counts Disp= 1 Elapsed= 40 sees

Energy Counts X-Ray Lines

O K , V L , V L , V L ,

, Mg K , Mg K

, PI K

, Si K

, Ca K

Fe K

Quantex>
0. 24O Range= 10.230 keV 10.230

Integral 8 = 248

0. 52

1. 25

1 . 50

1. 74

3. 68

6. 40

604.

35O.

104.

1239.

237.

180.

0
V

Mg

PI

Si

Ca

Fe

K
L

K

K

K

K

K



06-«pr-199£ 12:11:46 £414£-SW8, B, #03, SO

ENERGY COUNTS X-RAY LINES

0. 51

:i . o 1

l.£5

1. 48

1.74

3. 30

2.69

€.39

7. 03

£534

199

1759

116

5854

3O5

745

741

•

•

•

•

•

•

•

•

0

Na

Mg

01

Si

K

Ca

Fe

KOI

KOI

KOI

KOI

KOI

KOI

KOI

KOI

, o Kfl£, V L01,

, Na KO

, Mg

, 01

, Si

, K

, Ca

£, Zn L01,

Kft£, Mg KB1

Kfl£

K0£

K0£

K0£

, Fe K0£

109. Fe KB1, Fe KB3
6-Opi — 1 99£ 1 £ : 1 3 : 05

Execution time = 7 seconds
£414£-SW3. B, #O4, SO
Vert= 50O counts Disp= 1

Energy Counts X-Ray Lines

0.51

1.

i.

£5

74

3.69

6.39

18£9

11£6

3874

778

370

•

•

•

•

•

0
V

Mg

Si

Ca

Fe

K , 0 K
L.

K , Mg K

K , Si K

K , Ca K

K , Fe K

Preset= Off
Elapsed= 33 sees

V L , V L , V L

Mg K

Quantex>
0. £40 Range= 10. £30> keV 10. £30

Integral 8 = 653



6-ftpi—L99£ 12:18:37
Execut ion t ime = 6 seconds
£414£-SW8,U, ttO£>,&&
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

K0. 52

1.25

1.74

3.70

350.

370.

917.

17£.

0
V

Mg

Si

Ca

K
L

K

K

K

V L

Mg K , Mg K , Mg K

Si K

Ca K

Preset= Off
Elapsed=

V

^H sees

Quantex)
O. £4O Range= 1O.£30 keV

6-ftpr-199£ 1£:£0:54
Execution time = 7 seconds
24142-SW8, B, #08, RS
Vert = 500 counts Disp= 1

Energy Counts X-Ray Lines

Integral 8 =

Preset= Off
Elapsed=

0.

1.

1.

3.

6.

7.

51

£5

74

68

39

O6

1420.

655.

3180.

38O.

806.

115.

0
V

Mg

Si

Ca

Fe

Fe

K
L

K

K

K

K

K

, o

i Mg

, Si

, Ca

» Fe

, Fe

K

K

K

K

K

K

, V L

, Mg K

3O
186

£4 sees

Quantex)
0. £40 Range= 10.230 keV

Integral 8 =
10.£30

548



6-flpi—1992 12:30:14
Execution time = 7 seconds
24142-SW8,B,ttl6,SA Preset= Off
Vert = 500 counts Disp= 1 Elapsed= 5O sees

Energy Counts X-Ray Lines

O . 5 £ 1195. O K , O K , V L , V L , V L .
V L

1.S5 766. Mg K , Mg K , Mg K

1.74 2823. Si K , Si K

3.30 154. K K , K K

3. 69 319. C<a K , Ca K

6. 39 386. Fe K , Fe K

Quantex>
0.240 Range= 1O.230 keV 10.23O

Integral 3 =



06-flpr~199£ 12:43:41 2414£-SWa,B,#£'

ENERGY COUNTS X-RflY LINES

O. 51 £855. O Kfll, D Kfl£, V Lfll, V Lfl2, V LB1, V LG1

l.£5 £0£0. Mg Kfll, Mg Kfl2, Mg KB1

1.48 8£. fll Kfll, fll Kfl2

1.74 6031. Si Kfll, Si Kfl£

3.3£ 103. K Kfll, K Kfl£

3.69 1465. Ca Kfll, Ca Kfl£

4.O3 16£. Ca KB1, Ca KB3

5.90 128. Mr. Kfll, Mn Kfl£

6.41 587. Fe Kfll, Fe Kfl£

7.0£ 93. Fe KB1, Fe KB3
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9-Apr-199£ 11:24:16
Execution time = 7 seconds
£414£-SW8-4, C, #01, 3ft
Vert = 50O counts Disp= 1

Energy Counts X-Ray Lines
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09-fipr-1992 11:26:41 24142-SW3-4, C, #02, S«
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S-ftpr-199£ 11:34:50
Execution time = 6 seconds
£414£-SW3-4,C,tt06,Sfl Preset= Off
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TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

TM - Tubular Morphology not sufficiently characteristic
for classification as chrysotile

CM - Characteristic Chrysotile Morphology

CD • Chrysotile SAED pattern

CQ - Chrysotile composition by Quantitative EDXA

CMQ - Girysotile Morphology and composition by
Quantitative EDXA

CDQ - Chrysotile SAED patterr. and composition by
Quantitative EDXA

NAM • Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientation SAED 'shows layer
pattern of 0.53 nn spacing)

*AX - Amphibole by qua l i ta t ive EDXA. Spectrum has elemental
components consistent with amphibole

AOX - Amphibole by random orientation SAEO and Qual i tat ive
EOXA

AQ - Amphibole by Quantitative EDXA

AZ - Amphibole by one Zone Axis SAED

ADQ - Amphibole by random orientation SAED and Quant i tat ive
EDXA

AZQ - Amphibole by one Zone Ax i s SAED pattern and Quanti tat ive
EDXA

AZZ • Amphibole by two Zone Ax is SAED patterns with consistent
inter-axial angle

AZZQ • Amphibole by two Zone Ax is SAED patterns, consis tent
in ter-ox ia l ancle and Quant i ta t i ve EDXA

NAM • Non-AsPestos Mineral >



Analysis of Water by Transmission Electron Microscopy
( E P A - 6 0 0 / 4 - 8 3 - 0 4 3 )

EMS No. 24142 Client SCHAFER&ASSOC.

Sample No. SW 11-4

Date 4 / 6 / 9 2

Total Asbestos Fibers 3.9 MFL

Chrysotile Fibers *BDL MFL
Amphibole Fibers 3.9 MFL

> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 2 MFL

Mass (Chrysotile) _ *BDL
Mass (amphibole) _ 1.6

More/Less than 5 Chrysotile
Fibers in Sample _ LESS
More/Less than 5 Amphibole
Fibers in Sample LESS

Poisson 95% Confidence Interval 0.4 to 1 4 MFL

Detection Limit 2 MFL
* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP

0 0 1 0 0 1

Particle Width - Microns
O - .04 .05 - .09 .1 - .14 .15 - .19 .2 - .24 .25 & UP

0 1 0 - 1 0 0

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP

0 0 1 0 0 1

3 EMS LABORATORIES 117 West Bellevue Drive / Pasadena PA



MS Lab ^
:»ient _

1̂S FILTER TFt/AREA ln»ml>

MICROSCOPE

ample No. i SiV ||- *-} MCE/9»LJB| , ̂  I
I" i LENGTHS Wl-/-O*er| 1^

Q MET.IODOF ANALYSIS ! ***£%£ O

J3 LCTCMII CJ f— |
[JJ i 1 ilO.O I }
a AHERALJ ,0,̂ .0

3 ASPECT RATIO >.lO 5:1 D **S£~Z£i
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Execution time = 6 seconds
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6-flpr-199£ 08:23:45
Execution time = & seconds
£414£, 4, B, ttQl.SA Preset= Off
Vert = £OO counts Disp= 1 Elapsed= 48 sees

Energy Counts X-Ray Lines
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TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

™ - Tubular Morphology not suff iciently characteristic
'or c lass i f ica t ion as chrysotile

01 ° Characteristic Chrysotile Morphology
CD " .Chrysotile SAED pattern

C^ " Chrysotile composition by Quanti tat ive EDXA

" Chrysotile Morphology and composition by
Quantitative EDXA

- Chrysotile SAEQ pattern and composition by
Quantitative EOXA '

. Non-Asbestos MineralNAM

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD " Amphibole by random orientation SAED 'shows laver
pattern of 0.53 nn spacing) '

AX - Amphibole by qual i ta t ive EDXA. Soectrum has elemental
components consistent with amphibole

ADX " EDXA'b°1e by Pand0(n Orientat1'cn 5A" an<i Qual i tat ive

AQ • Amphibole by .Quantitative EDXA

* ' Amphibole by one Zone Axis SAED

AOQ - Amphibole by random orientation SAED and Quantitat ive

AZQ - Amphibole by one Zone A x i s SAED pattern and Quantitative

"n1° rangV0™ ̂  SAE° D3tterns witn Consistent

AZZQ - Amphibole by two Zone A x i s SAED pat terns, consis tent
inter-axial ancle and Quant i ta t ive EDXA con5'5ieru

NAM . Non-Asbestos Mineral J


